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NOTICE 


To the best of our knowledge the information in this publication is 
accurate; however, the Publisher does not assume any 
responsibility or liability for the accuracy or completeness of, or 
consequences arising from, such information. This book does not 
purport to contain detailed user instructions, and by its range and 
scope could not possibly do so. Mention of trade names or 
commercial products does not constitute endorsement or 
recommendation for use by the Author or Publisher. 


Industrial solvents could be toxic, and therefore due caution 
should always be exercised in the use of these potentially 
hazardous materials. Final determination of the suitability of any 
information or product for use contemplated by any user, and the 
manner of that use, is the sole responsibility of the user. We 
strongly recommend that users seek and adhere to a 
manufacturer's or supplier's current instructions for handling each 
material they use. The reader is cautioned to consult the supplier 
in case of questions regarding current availability. 
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Introduction 


A solution may be defined as a mixture of two or more substances which has uniform chemical and physical proper- 
ties throughout. It may also be defined as a system whose component parts are two or more molecular species, there 
being no boundary surfaces between these parts larger than molecules. There are two components to every solution— 
the solvent and the solute. As a matter of convenience, the part of a solution which is in excess is designated as the 


solvent; the solute is the component which is in smaller proportion. Solvents, once used, may be recycled, reused, or 
discarded in an environmentally safe manner. 


The purpose of solvents is to convert substances into a form suitable for a particular use. The importance of the role 
of solvents is brought out most clearly by the fact that many substances exhibit their greatest usefulness when in 
solution. Lacquer solvents, for example, are selected to produce homogeneous combinations and so selected as to 
impart the most desirable mechanical properties. The physical properties of a fabricated solution can be regulated at 
will by the proper choice of solvents, thus adapting them to the most varied uses and methods of applications. Some 
of the more important uses for solvents are in the adhesives, coatings, electronics, ink, pesticide, pharmaceutical, 
Photographic reproduction, and textile industries. Large quantities of solvents are also involved in dry cleaning, 
metal degreasing, oil refining and recovery, and as fuel additives. 


Solvents vary in their dissolving power, so that the line of demarcation between solvents, latent solvents and non- 
solvents is difficult to define. Some of the factors which influence solvency are atmospheric conditions, purity and 
molecular association. Molecular aggregation is the explanation for increased, attenuated, or decreased solvent power 
or, More concisely, eccentric solvency. Any substance that will dissolve another is called a solvent. Thus, we have a 
gaseous solution when a liquid or a solid is dissolved in a gas; a liquid solution when any one of these is dissolved іп а 
liquid, and a solid solution when any one of them is dissolved in a solid. 


Mixing of solvents, diluents and thinners often results in change of solvent properties. Some chlorinated compounds 
become good solvents for cellulose esters when mixed with an alcohol. On the other hand, some active solvents for 
esters of cellulose lose some of their solvent power when mixed with hydrocarbons. Alcohols are added to lacquers 
to improve flow and to prevent blushing, although they vary considerably in these respects. Alcohols are not true or 
active solvents for nitrocellulose as are the active dissolvents like ethyl lactate or n-butyl acetate. The alcohol group, 
however, cannot be classed as nonsolvents like toluene or naphtha. When an alcohol is added to a true solvent, the 
solvent power of the latter is not reduced but, on the contrary, this active solvent activates the alcohol to such an 
extent that it too becomes a solvent. Therefore, alcohols are referred to as latent solvents, whose hidden solvent 
qualities are brought out by the addition of an active solvent. The presence of a latent solvent increases the toler- 
ance of an active solvent for a nonsolvent. This group of latent solvents is also called extenders, because they in- 
crease the volume of a mixture without decreasing the solvent power. 


In general, simple esters and ketones activate alcohols so that they too become solvents and are capable of tolerating 
various Proportions of diluents. This is due to the molecular aggregates formed. Two-type solvents containing both 
an alcohol and an active solvent group, such as an ester, ether or ketone, activate alcohol to a lesser degree. Unit 
volumes of a solvent will activate only a limited amount of alcohol, indicating that definite molecular aggregates are 
formed. A mixture of 50% n-butyl acetate and 50% n-butyl alcohol will not lose its solvent power until 85 to 9596 of 
the volume is evaporated, contributing further evidence of the validity of the theory of molecular aggregates. Plas- 
ticizers, which are the high-boiling solvents, also activate alcohols. | 


Liquids vary in their rate of evaporation. Naturally, in a mixture of liquids, some evaporate more rapidly than 
others. For example, if the solvent constituent of a lacquer evaporates more rapidly than the diluent, the limit of 
tolerance of the residual mixture is exceeded and gelling or precipitation occurs. As evaporation goes on, gigantic 
molecular reactions take place. Vast numbers of molecules change places as the new aggregates are formed. Some are 
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replaced and some are repelled, causing immiscibility, precipitation, blushing, or one or more of the many lacquer 
faults. It follows that dilution ratios do not indicate tolerance during the change of solvent-nonsolvent balance 
which occurs during drying. 


In the theory of molecular aggregation, higher concentrations of cellulose derivatives contain fewer secondary- 
valence bonds. Consequently, smaller amounts of diluent can be tolerated. This condition occurs during film drying. 
Hydroxyl-containing solvents show greater tolerance for toluene than do the simpler esters. In the case of naphtha 
the condition is reversed. There are, however, exceptions to this statement, among which are butyl lactate and Buty! 
CELLOSOLVE, which have very high naphtha tolerance. Simple esters will tolerate 50 to 100% more naphtha 
than will such materials as ethy! lactate, ethy! ether, ethylene glycol, diacetone alcohol, and so forth. Ethers of gly- 
cols generally have higher dilution ratios than do the buty! esters with respect to benzene, toluene, and xylene. 


Solutions of nitrocellulose tolerate larger quantities of nonsolvents than solutions of cellulose acetate. The "solvent- 
power number" is influenced by both the nature of the diluent and the mixing of two or more solvents. Frequently, 
when two or more nonsolvents are mixed, they may exhibit the qualities of a good solvent, This is especially true 
when one of the ingredients is an alcohol. The ether-alcohol solvent mixture for collodion is a familiar example. 
Another example of acquired solubility is the mixing of butyl acetate with amyl or ethy! alcohol for the less highly 
polymerized forms of glyceryl phthalate resins. Some of the chlorinated hydrocarbons will dissolve nitrocellulose 
when mixed with an alcohol. A mixture of benzene and alcohol will dissolve nitrocellulose containing up to 11% 
nitrogen. A toluene-ethy! alcohol solution of alkyd resin will dissolve nitrocellulose. In many cases the solvent prop- 
erty of esters for resins and nitrocellulose is increased by the addition of an alcohol. On the other hand, when active 


solvents for cellulose esters are mixed with aliphatic or aromatic hydrocarbons, the solvent power of these active 
solvents is decreased. 


These facts bring to light reasons why many of the old-type solvents have been valued for their impurities. For 
example, methyl acetone, made from the distillation of wood, had particularly valuable solvent properties. Actually, 
it is a mixed solvent which consists of methanol, acetone, esters and higher ketones. This mixture has certain desir- 
able properties not obtained by any of its component ingredients when used separately. For this reason the "syn- 
thetic methyl acetone" is made to simulate it. For this same reason commercial grades of butyl and amyl acetate 
contain 85% ester and the remaining portion is the corresponding alcohol. Amy! acetate, containing its characteristic 
impurities when manufactured from fusel oil, is also valued for its solvent properties. The synthetic product is 
different because it lacks these impurities. It is made from the pentane fraction of gasoline by chlorination; the 
chloropentane is hydrolyzed to form amy] alcohol, and is finally esterified to the acetate. 


Because of today's concern with environmental Pollution, chemical composition limitations of solvent formulations 
have been adopted by many state and local governmental agencies in the more highly industrialized areas of the 
country. These rules and regulations seriously affect the use of many solvents, and solvent blends must be reformu- 
lated to conform to the maximum allowable concentrations of the restricted solvents. It is necessary for the solvent 
user to acquaint himself with the governmental regulations of solvent use in his particular locale. 
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Table 2.1: Methane (4) 


FORMULA 


PROPERTIES 


Composition, mol per cent 
Nitrogen 
Carbon Dioxide 
Methane 
Ethylene 
Ethane 
Propylene 
Propane 


Freezing point, triple point, F 
Boiling point, F 
Specific gravity of liquid at 60/60 F 
at 20/4 C 

Density of liquid at BO F, Ib/gal 
Vapor pressure at 70 F, psia 
Specific gravity of real ges at 

60 F and 14.7 psia (Air = 1 
Specific volume of real gas et 

60 F and 14.7 psia, си КЛЬ 
Density of real gas st 60 F and 

14.7 psia, ibs/cu ft 
Liquid volume, cu ft/lb at --260 F 

and 13.8 psia. 
Critical temperature, F 
Critical pressure, psis 
Flash point, approximate, F 
Flemmability limits, volume ' in air 

Lower 
Higher 

Heating value for real gas at 60 Е and 


J in Hg, saturated basis BTU/ cu ft 


Heating value for ideal gas at 
60 F and 14.7 psia, BTU/cu ft, 
Dry basis 
Saturated basis 


*Litereture values. 
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RESEARCH 
GRADE 


—296.46* 
-258.68" 


I 


PURE 


GRADE 


0.61 
0.24 


9908 — 


0.01 


$ 


985 


Table 2.2: Ethane (4) 


FORMULA 


PROPERTIES 


Composition, mol per cent 


Nitrogen 


Carbon Dioxide 
Methane 


Ethylene 


Ethane 
Propylene 
Propane 


Freezing point, triple point, F 
Boiling point, F | 
Specific gravity of liquid at 60/60 F 
81 20/4 С 

Density of liquid at 60 F, !b/gal 
Vapor pressure at 70 F, psia 
Specific gravity of real gas at 

60 F and 14.7 psia (Air » 1 
Specific volume of real gas at 

BO F and 14.7 psia, cu ft/lb 
Density of real gas at 60 F and 

14.7 psia, Ibs/cu ft 
Liquid volume, cu ft/lb at -260 Е 

and 13.8 psia 
Critical temperature, F 
Critical pressure, psia 
Flash point, approximate, F 
Flammability limits, volume % in air 

Lower 
Higher 


Heating value for real gas at 60 F and 
- 30 in Hg, saturated basis BTU/ cu ft 


Heating value for ideal gas at 
60 F and 14.7 psia, BTU/cu ft, 
Ory basis 
Saturated basis 


*Literature values. 


RESEARCH 
GRADE 


99.97 


-297.89" 
- 127,53" 
0.3771“ 


0.04252 (60 Е) 
50 
707.8° 


PURE 
GRADE 


trace 
0.05 

99.35 
0.25 
0.35 





4 Industrial Solvents Handbook 


Table 2.3: Propane (4) 


FORMULA CH4-CH3-CH4 
ЕЕ ЕО Сирень ИЕ 0) ира ЧЕЧНЕЙ 
RESEARCH PURE TECHNICAL 
PROPERTIES GRADE GRADE GRAOE 


___Gomposition, weight percent | (0... 






me e. -me 





Ethane cx Абыл Niena, Tega МЕХ, 0.07 ws 0.01 
____Реоруегге р o — [| t 
Propane —  ( | 9998 | 9935 — 
ме 092 . — | 052 | . 
Normal Butane Ви 005 = 
Butene-2 ам Ма а. даден даа од 
Neopentane 
Isopentane Men rs ee 


Normal Pentane 








Purity by freezing point, mol percent 






























Freezing point, F ~305.84* (triple point) 
Boiling point, F –43.73" 
Specific gravity of liquid at 60/60 F 0.5077" — — 0508 _____ 0.510 
20/4 С 0.5005* 0.501 
БЕГІІГГІГГІ:І 5 145.8 
Density of liquid at 60 F, ЇБ/даї 4.22 4.24 
Vapor pressure at 70 F, psia ТР 123 123 з 
100 F, psia | 189 189 

Sulfur content, weight per cent < 0.0005 < 0.0005 
Specific gravity of reat gas at НН 

60 F and 14.7 psia (Air = 1) 1.5503“ 
Specific volume of real gas at 

60 F and 14.7 psia, cu ft /tb 6.4515° 
Flash point, approximate, F -156 a 
Flammability limits, volume 96 in air 

Lower SORGE ODORE RUD 
Higher 9.5“ 52” 

Heating value for ides! gas at 60 F у aer m E 

and 14.7 psia, dry basis BTU/cu ft 2517* 
* Literature 

Table 2.4: Isobutane (4) 
e" 
FORMULA сна-Сн-сн, 
а неа Le ES EST RC A 
RESEARCH PURE TECHNICAL 
тон СВАОЕ GRADE GRADE 





Composition, weight per cent 
Ethane 
Propylene ма 


Ргорапе 
isobutane > 


Normal Butane 
Butene-2 
Neopentane 
Isopentane 
Normal Pentane 





Purity by freezing point, mol percent 

Freezing point, F 

Boiling point, F 

Specific gravity of liquid at 60/60 F 
20/4 С 


API gravity at 60 F 
Density of liquid at 60 F, Ib/gal 
Vapor pressure at. 70 F, psia 

100 F, psi 

130 F, psia 
Sulfur content, weight per cent— 
Specific gravity of real gas at 


60 F and 14.7 psia (Air » 1) 
Specific volume of rea! ges at 


60 F and 14.7 psia, cu К ЛЬ 
Flash point, approximate, F 
Flammability limits, volume % in ак 
Lower 
Higher 
‘Heating value for ideal gest 60F #8 8 
and 14.7 psia, dry basis BTU/cu ft 


0.5631* 0.563 
0.5572* 0.557 


2.06805* 
6.3355* 


1.8“ 
8.4" 


99.5 





*Litereture values. 
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Table 2.5: n-Butane (4) 


FORMULA о сна-сна-сна-сн) 


PURE TECHNICAL 


PROPERTIES nS GRADE GRADE 


GRADE 


Composition, weight per cent 
Ethane 


____Ргорубле ___________ 


Propane 
isobutane 


Norma! Butane 
Butene-2 
Neopentane 
Isopentane 
Normal Pentane 


97.6 95.0 тіп 


Purity by freezing point, mol percent 

Freezing point, F 

Boiling point, F 

Specific gravity of liquid at 60/60 F 
20/4 C 0.5788“ 


994 99.0 тіп 


0.584 0.584 
0.579 0.579 
AP! gravity at 60 F 110.8 
Density of liquid at 60 F, ib/gel | 
Vapor pressure at 70 F, psia 
100 F, psia 
130 F, psi 
Sulfur content, weight per cent 
Specific gravity of real gas at 
60 F and 14.7 psia {Air = 1) 
Specific volume of real gas at 
60 F and 14.7 psia, cu ft /Ib 
Flash point, approximate, F 
Flammability limits, volume 96 in air 
Lower 
Higher 
Heating value for ideal gas at 60 F 
end 14.7 psie, dry basis BTU/cu ft 


32.0 
52.0 
83.0 

< 0.0005 


25 
5 


Зе 
яя 
A 
pns 


"Literature values, 


Table 2.6: 2,2-Dimethylpropane (4) 


Neapentane 


сн, 


' 
FORMULA CH4-C-CH4 
сн, 


RESEARCH 
GRADE 


PURE TECHNICAL 


PROPERTIES GRADE GRADE 


| 
і 


Composition, weight per cent 
Normal Butane n 
i 1 


97.8 


PU Leis 
2,2,-Dimethyipropane 
lsopentane 
Normal Pentane 
Pentene-2 
Cyclopentane 


i 


8 


2 
2 


Purity by freezing point, mol per cent 


Baiting point, F 
Distillation renge, F 20 
Initial boiling point 
10% Condensed  — 
50% Condensed 
______90% Condensed 
Ory point 25, 
Specific gravity of liquid at 60/60 F 0.5967° 
at 20/4 C 0.5910“ 








p 0.597 
0,591 


(continued) 
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Table 2.6: (continued) 


PROPERTIES 


,..APigmwiyst6üF — — — — 5. 
_ Density of liquid at 60 F, Ib/gal | 
_ Vapor pressureat 70F,psa — — 
_ 100 Е, рза ____ 


nons 2o . MOF,psa 20 

.. Refrectveindex, 20D — ss kis 
. Color, Saybolt (unless indicated) — — 

. .Acidity, distillation residue —— 

. ..Nonvolatile matter, grams/100 ml ^ ^ 
____Sulfur content, weight percent — — 


Sa SORE ON оса мин ушал. 

. . Kimematicviscosity csat322F | . __ 9532 ___ 

Specific gravity of real gas at 

. .B0F and 14.7 psia (Air = 1) 

Specific volume of real gas at 

___ 60 F and 14.7 psia, cu ft/lb 

. Flash point, approximate, F P" 
—— Flammability limits, volume X in air 

Higher 


* Literature values. 


Table 2.7: іворепіапе (4) 


сна 
CHg3-CH-CH4-CH4 


RESEARCH PURE 
PROPERTIES GRADE GRADE 


Composition, weight per cent 
Normal Butane 


FDRMULA 


talt HE 
2,2 -О те ургорапе ___ 
Isopentane 


8 
> 


р 





Normal Pentane | 001 
Pentene-2 
Cyclopentane 

Purity by freezing point, mol per cent 99.99 


Freezing point, F 
Boiling point, F 





| ___-255.82" ___| 
| | 8213" O 
Они аноп гапд, Е__________ Ка 
initial boiling point — ара 
пр 
_—— 50% Condensed — 
______90% Сопдегчед _______ ыш 
урм 1 - 
____ Specific gravity of liquid at 60/60 F 0.6248° 
at 2/4 С 0.620 


API gravity atGOF 
Density of liquid at 60 F, Ib/gal 
Vapor pressure at. 70 F,psia | 
100 F, psia 
130 Е, рзіа 
____ Refractive index, 20/0 

Color, Saybolt (untess indicated 
Acidity, distillation residue __ 
Nonvolatile matter, grams/160 ml 
Sulfur content, weight per cent 
Copper corrosion 
Doctor te 
Kinematic viscosity, cs at 32 F 
Specific gravity of real gas at 

60 F and 14.7 psia (Air - 1) "m 
Specific volume of real gas at 

60 F and 14.7 psia, cu МЛб ________ 4.9876“ 
Flash point, approximate, F _  —č<— 
Flammability limits, volume % in air _ 

Lower 


Higher 


*Literature values. 


—Ó 


в 
5 


neutral 


і 
+ 


в |- ее 
сл 





——— 


--------- 


30 _ _ |] _з+ 
neutral et 





GRADE 


TECHNICAL 
GRADE 


0.2 


0.1 
97.1 
2.8 


m 


0.625 

0.620 
94.9 

5.20 
11.4 
20.2 
33.5 


+30 

neutral 
0.6005 
0.005 


negative 


Table 2.8: n-Pentane (4) 


FORMULA 


PROPERTIES 


.. Composition, weight per cent 
n Normal Butane 
___ 22, -Dimethylpropane | К 
ит .. Mopentane e 
_____ Normal Pentane _ 
Pentene-2 | 
Cyclopentane 


Purity by freezing point, mol percent - 
Freezing point, F 
.  BeligpontFE _ ______ __ 
____ Ош абопгаме Б_ _ . . 
___Initial boiling point, ... 02 
— 10% Condensed | 
50% Condensed | 
Ene еа end 
D 
Specif ен у ої liquid a at 60/6ОЕ _ и 
ПЕНИИ at 20/4 е” 


___ APH gravity ot 60 F _ 


Density of liquid at 60 Е, Мица! 
___ Vapor pressure at 70 ЈА n. 


— 853 


eee, 


ius Refractive index, 20/D .. seed 
. .. Color, Saybolt (unless. indicated) - 

Acidity, distillation residue ми 
____Nonvolatile matter, grams/100 ml — 


. .. Sulfurcontent, wight per cent =. 
.. Copper corrosion —^ .— — —— 
Doctor tet 2. 
_ Kinematic viscosity, cs at 32 F 
Specific gravity of real gas at 
_. BOF and 14,7 psia (Air = 1) 
Specific volume of reat gas at 
___ БОЕ and 14.7 psia, cu fU/Ib 
с Flash point, approximate, Р 
Flammability limits, volume * in air 
22222. 0 
Higher 


* Literature values. 


Tabie 2.9: 2,2-Dimethylbutane (4) 





Neohexane 
ен, 
FORMULA сн,-<-сн,-сн, 
| сн, 
| RESEARCH PURE 
Composition, weight percent ШЕСЕ 5250020) 
Isopentane 
Cyclopentane 
2,2-Dimethylbutane Pu | ве 
2.3 Dimethylbutane обо ро мо, 
2-Methylpentane | 091 | [| Q0! Á9 |, 
Pee е 
Purity by ей point, mot per comt [ават — [| ma some | 
Freezing point, F pue euer а 
Boiling point, F | . 12153 2 ро 2 3 311.11 
Disilation rang зз е T 
Initial boiling point Ep оф ce ры 
Ory point а a 


- RESEARCH PURE 
GRADE GRADE | 





Hydrocarbon Solvents 7 


TECHNICAL 
GRADE 


TECHNICAL 
GRADE 


0.1 

96.4 95.0 min. 
2.2 
0.3 


120.5 
122.2 


(continued) 
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Table 2.9: (continued) 


TECHNICAL 
PROPERTIES GRADE 


^. Specific gravity of liquid at 80/60 F- 


“204 С р — JI NN Ош 07 ова 


"API gravity at 60 F ORE 


.DemiyofliquidatGOF, bug |]  —— "ово [ s ^5 


__ Vapor pressure at 70 F, psia 


OF psi | "MW — 
Refractive index, 20/0 


Color, Saybolt — 0. ааа Т Re re аи 


uu 5 бо E s К 
Acidity, distillation residue Р. ne dl "rm | 





Nonvolatile matter, grams/100 mi 





Sulfur content, weight per cent > у | | 0.005 ^] 0005 | 


Wr» —OOQ | se | 549 ј а ____ 


_ Соррег соггоіоп | 5 MC D эеси еШ шы 


— Fiash point, approximate, F 





- Flammability lin limits, volume% Kin йш еи a ы ЫН те с. ли ы аар 


пос р е ора ЕЕ ае 





* Literature values, 


Table 2.10: 2,3-Dimethyibutane (4) 


Diisopropyl 


FORMULA 


RESEARCH PURE TECHNICAL 
PROPERTIES GRADE 


GRADE GRADE 


. Composition, weight percent —— 
Isopentane 


. бусів —  — даи 
__. 22-Dimathytbutene пп 1 1 — 1.1 


__2,3-Dimethylbutane _____ 
24 -Methylpentane 


380 оти. 
0.2 
0.1 


3-Methylpentane 


Purity by freezing point, mo! percent: — 
Freezing point, F _ 


Boiling point, F _________ 
Distillation range, F oe 
____Initial boiling point O OO 135 
.. Drypoit — ier M oss 136 
Е — Specific | ‘gravity of | liquid at 6060F 0.666 _ 


8&8 м 20/4 С 








~~ Vapor pressure at 70 F, = 
100 F, psia 
130 F, psi 

Refractive index, 20/0 

Color, Sayboit 

Acidity, distillation residue у кус 

Nonvolatile matter, grama/100 mi 

Sulfur content, weight per cent 


Copper corrosion 
Doctor test 


Flash point, approximate, F 
Flammability limits, volume % in air 
Lower 


Higher 











* Literature values. 


Table 2.11: 2-Methylpentane (4) 


_ Vapor pressure at 70 Е, рна | 


^ Flammability limits, volume % in eit 


. Nonvolatile matter, grams/100 ml 
. Sulfur content, weight per cent 


FORMULA 


Hydrocarbon Solvents 9 


сн, 
сн,-Сн-Сн,-Сн,-Сн, 


RESEARCH PURE TECHNICAL 
"ока GRADE GRADE GRADE 


Composition, weight per cent 
isopentane 
Cyclopentane — _ 
2,2-Dimethylbutane _ 
2,3-Dimethylbutane | 
2-Methylpentane | | 
3-Methylpentane 


Purity by freezing point, mol per cent 
Freezing point, Fo — 

Boiling poin F 1. 
Distillation range, F 
ЕСІГІ КН 
бром _ | _ 
Specific gravity of liquid et 60/60 F 

"n at 20/4 С 
API gravity t6OF о 
Density of liquid at 60 F, Ibs/gal_ 


100 F, psia 
о ем. 
Refractive index, 20/0 
Color, Sayboit 
Acidity, distillation residue | 


Copper corrosion 
Doctor test р 
Flash point, approximate, Е. 


Lower _ 
Higher 


“Literature values. 


Table 2.12: 3-Methylpentane (4) 


FORMULA 


PROPERTIES 


Composition, weight per cent 
,J-Dimethylbutane 
2-Methylpentane 
ethylpentane 
~~ Normal Hexane — 

—— — - Methykydopentam | 
2,2-Dimethyipentane 
2,4-Dimethylpentane 
Cyclohexane 

2,3-Dimethylpentane 
Methylhexane 
3-Methylhexane 

Purity by freezing point, mo! per cent 

reezing point, 

Bailing point, 

Jistillatton range, 

Initial boiling point 

Ј Сове d 
50% Condensed 
90% Condensed 
Dry point 








11. 065197 _ 
0.65315° 


cH, 
сн,-сн,-Сн-сн,-сн, 
RESEARCH PURE TECHNICAL 
GRAOE GRADE GRADE 





bud nc n == 

е ли 

в 

| W59i* | | 

а а ee т 

№ 
are а 

ne ak ee ait 

рат насо 

рена а 146 


(continued) 
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Table 2.12: (continued) 


RESEARCH PURE TECHNICAL 
PROPERTIES GRADE GRADE GRAOE 
_ Specific gravity of liquid at 60/60F 0.6690° 0.669 
5 ый с | 083, | ой 0804 _ 
|».  APigemwiyste0F || 5 _ 800 _ 
Density о! ди а! 60 Е, Буба! _ | | _ | 35 ST 
EI гел Аға а Че о | 34 | 
i ВЕ шы СС | E doe Li 
пън: = ша озге q arme os agg 
~ Retractive index, 20/0" 1] ..137652 | 136 | | 8/0 1376. 
" Colo Saybot — .— | +30 _ та +30 _ є 
“dy Шы лире ве teo ані 
“Nonvolatile matter, grams/100mi | i ,. 0000 ^ 
~~ Sulfur content, weight percent | 005 _ 
. Copper corrosion. ve 
Doctor test negative 
. Flash point, approximate, F га 
Flammability limits, volume % in air | | 
‘Higher 17% 





*Litersture values, **Forms a glass. 


Table 2.13: n-Hexane (4) 


FORMULA см,-сн,-сн,-сн,-сн,-сн, 
RESEARCH PURE TECHNICAL 

Р | : 

DUTER TES GRADE GRADE GRADE 


Composition, weight per cent 








та E ы PO 
Е 2-Methylpentane 
—— F Methylpentane 1 
"Normal Hexane 33 


____Methylcyclopentane _ 


2,2- -Dimethylpentane - 5 


2, 4. -Dimethylpentane - а hy ЧЕ аж ае Ле" а н иене деи беж: че анны аА 


Cyclohexane 





Me 122, 3- Dimethylpentane | mo ка as 
ЗМ ________ 


3-Methythexane “5 


Purity by freezing point, mol pèr cant 5 4. 
=m Jere И au o а 














.  Boilin ing point, F р 5 
пение 
— — —  itiaboiingpont | 
— Сое — —  — | 
50% Condensed 
30% Condensed у 
фу роте г. 
~ Specific gravity of liquid at 60/60F - 
72277448000 
API gravity at 60F — 





—— Density of liquid at 60 F, ibs/gal - ——- 


__ Vapor pressure at 70 F, psia 


ОЕ на с те 


—  Refractive index, 20/D | 


___ Color, Saybolt 


___ Nonvolatile matter, талої іп 


___ Sulfur content, weight per cent 





Copper « corrosion PTT 

— ро - n 

. . Fish point, approximate, F 7 

Нај _ Flammability limits, volume * i inair 

______ Гомг Ри 
Higher — ee CLE 





* Literature values. °*Forms a glass. 
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Та е 2.14: 2,4-Dimethylpentane (4) 























Tan 0 
FORMULA сн,-Сн-сн,-Сн-сн, 
RESEARCH PURE TECHNICAL 
PROPERTIES GRADE GRADE GRADE 
Composition, weight per cent дави тъ hee Моа tate res поь ци ea 
ено __2SDimethyibutane 14 она 4 
Мәре 0 са ако 
$Mathylpentane T ИКСИ | 
ormai Hexane Б Я OF 
______ Methylcyclopentane _ S Ежен 
2,2-Dimathyipentane | 288... 
`` бурение и 96.0 95.0min 
yclohexane А „05 
2,3-Dimethyipentane 2 | 05. defe 
НЕ -Methylhexane | 
3-Methythexane E 
— Purity by freezing point, mol per cent | 
reezing point, 
"Boiling point, FS 
7 "ШиТаїопого Б | Но ода 
Initial boiling point =: „175 
с ondenss КЕ аа 
50% Condensed - 
90% Condensed | pte ahs 
А, Ory poit D Ao 
— Spscific gravity of liquid at 80/60F— _ 0.678 — 
T «44071 ...4963 | 
С  API gravity at 60 F | na 
К .. Demityo of liquid at 60 F, quid 2160 Е, Буда! _ 564 
Со Уарог риевиге а 70 F, psia _ 16 
ш а (its 33 М 
ОЕ 7 з 0 6.2 
Refractive index, E іы ere ДА __ 1.381 E 
— Color, Saybolt | а. 
T — Ácidity, distillation 7 ті neural — 0 
. . Wonvolatile matter, gram 100 mi — | 0000 — 
.. Sulfur content, weight percent | 005  J—. 
| Ceppecorosion 7 жаты 2 
с Росюогви — ерке negative — 
. Flash point, approximate, F | 10 — 
К _ Flammability limits, volume % in air пи ша 
|, Lower И 
е 7 





Literature valuas. 


Table 2.15: 2,3-Dimethylpentane (4) 






CH CH 




















FORMULA ену-©н-©н=сн„-сн, пукна 
о Бовина 
90% 90% Condensed 
PROPERTIES GRAOE B Туур — — 194 
Specific gravity of liquid at 60/60F 0.6990 EM 
_ Composition, weight percent — иа ео 0.6943 
^  $50imehybusxe _________ Ау оо ъ 70.9 
___2Mathyipentane . . Density of liquid et 60 F, Буда 5.82 
__ _SMethylpentane — Ni y 2 Vapor pressure at 70 F, psia 12 
. Normal Нехапе — Rd т анс a 100 F, psis 36 2x 
ЕИ ` Мефуісусіоремапе " Е 00 0 077777 PSOE, риа й 
2,2-Dimethylpentane 0 | "” flefractive index, 27D : 1.3922 
2,4-Dimethyipentane Color, Saybolt “5 +30 
_______Сусоћехапе | _ Acidity, distillation residue neutral 
______2,3-Dimethy!pentane 90.4 90.0 min .. Monvolatile matter, grams/ 100 mi 4 5.0005 
...,, 4 Methylhexane 34_______ Sulfur content, weight percent 
3-Methylhexane | 52 Copper corrosion I --- 
Purity by freezing point, mol per cent Doctor test E 5 
И ОТР O Flath point, approximate, F йе <10 
=: Boiling paint, Flammability limits, дни та _ ee 
7 Distillation range, Lower 


^. initial boiling point 193 Я 
~ TOR Condensed қ 


Fe тр HRÉÁÓP— — 


----. 
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Table 2.16: 3-Methylhexane (4) 


сн, 
FORMULA CH,—CH,—CH—(CH,1,—CH, 
TECHNICAL 
PROPERTIES GRAOE 
Composition, weight percent | (| ë — 

____2,3Отећуремале ____|______01__ 

Со 2-МетруШехапе 222214 
3-Methylhexane “у 97.2 95.0 min 
SEthylpentane | 04 

~ Normal Heptane | 
Dimethylcyclopentane б 
~ Methyicyclohexane {| ше 

777% 2 ітетһуіһехәпе MY m : 

____2ADimethythexene | | 

— 2,5-Dimethylhexane A 
Other Dimathythexanes 5 t AE 
777 2.2,4-Trimethytpentane БН 
С 2,23Тптећуретае ___| ____ 
2,3 4-Trimethylpentane - 





,3,9- 5 rimsthylpentane 


Table 2.17: n-Heptane (4) 


FORMULA сн сн Сн, 
RESEARCH PURE 


PROPERTIES GRAOE GRADE 


Composition, weight percent 
23-Dimethylpenane 
2-Methylhexane 
3-Mathylhexane 
3-Ethylpentane B trace 
Normal Heptane 99.99 99.8 
Dimethylcyclopentane 0.01 0.2 
Methylcyclohexane trace 

,Z-Dimethylhexane 
Uimethylhexane 
2, 5-Dimethylhexane 
Uther Dimethylhexanes 
2,2,4-Trimethylpentane 
,4, 3- Vrimethylpentane 
3,4 Trimethylpentane 
,3,3- 1 rimethylpentane 


Purity by freezing point, mol % 
reezing point, 
Boiling point, 
Distiltation range, 
nitial boring point 

Dry point | 

Specific gravity of liquid at 60/60 F 0.6882° 
0/4 С 0.658376" 


+ 
5 
КУ 


99.7 99.0 min 


209.17* 


~, 
>” 
> 


AP! gravity at 60 F | 
Density of liquid at 60 F, lbs/gal 
Vapor pressure at 70 F, psia 
0 ; psia 
130 F, psia 
ractive index, 20/0 
olor, Saybolt 
cidity, distillation residue 
Nonvolatile matter, grams/100 mi 
ulfur content, weight percent 
Copper corrasion 
Doctor test 
7 Flash point, approximate, F 
~~ Flammabilty limits, volume % in air 


ower 
Higher 


* Literature values. 


§.73 


+31 
neutra 





» 
0.005 


vegative 
25 


7.0“ 




















TECHNICAL 
PROPERTIES АЕ 
Boiling point, F 
“Шашпа | тт 
~~ Initial boiling point | чу CC 
- . Dry point RN 196 i 
~~ Specific gravity of liquid at 50/60 F 0.692 
2222202 2046 0888 2 
API gravity at BÜ F 73.0 
~ Density of liquid at 60 F, Ibs/gal | 2220876 
Vapor pressure at 7OF, psio | eee трае 
OOF psig Р М 02 
130 F, psia | 
Refractive index, 20/0 13838. ( 
Вет 
Acidity, distillation residue | _ аа ае 
Nonvolatile matter, grams/100 ml 0.0005 
~ Sulfurcontent, weight percent | O00 7 
- Coppercorrosion | | 
^ Doctortet = = | о negative о 


— Flash point, approximate, F — 


— Flammabilty limits, volume 96 in air 


„оо 25 Estimated 








ower М 
О Не .— Е == 
Table 2.18: 2,2,4-Trimethylpentane (4) 
isooctane 
CH, сн, 
FORMULA за сенен енш 
сн, 
ВЕЗЕАКСН РИВЕ 
В аде СВАОЕ 
Composition, weight percent 
2,3-Dimethyipentane лае 
2-Methylhexane ИЛИН 
3-Methylhexane 
с ЗЕфуремапе таз 4 
Normal Heptane trace” 
Dimethylcyclopentane 
lethylcyciohexane = 
,2-Dimethythexane 0.2 7 
Әлтейһу!һехале 
2,5-Dimethylhexane и ssa 
Other Dimethylhexanes л 
2,2,4-Trimethylpentane 77898 ~ 
,4,3-1 rimethylpentane 
2,3 4-Trimethylpentane 
„3,3 Trimethylpentans d 
Purity by freezing point, mo! % 99.7 99.0 min 
reezing point, иж RN 
Boiling point, 2063" | 
iat ing ге Бе 
nitial boiling point 
Dry point [т ect 
Specific gravity of liquid at 60/60 F 0.696 
204 С 0.692 
API gravity at 60 F у | 71.7 
Density of liquid at 60 F, Бус | 0 O O 5.80 
Vapor pressure at 70 F, psia 0.8 
JO F, psia pe mm | 17 
130F pie | 33“. 3.3 
ат TOT a 1381 
ofr, Saybot +30 
Acidity, distillation residue а муга! 
Nonvolatile matter, grams/ 100m {| O O 0.0005 
Sulfur content, weight percent — 0.005 
Copper corrosion 1 
Doctor tes Eo IT перике 
sh point, approximate, а ee 18 
lammabilty limits, volume % in air --- 
ower 
Higher К: аашаа 


*Literature values. 





Table 2.19: 2,3,4-Trimethylpentane (4) 








CH, CH, CH, 
FORMULA CH,-CH-CH-CH-CH, 
RESEARCH PURE TECHNICAL 
Composition, weight percent 
2,3-Dimethylpentane ее 
2-Methy(hexane P "TRES 
3-Methylhexane и 
3-Ethylpsntane T 
Normal Heptane OT _ 
Dimethyicyclopentane | _ 
Methyicyciohexans md ы 
2,2-Dimethyihexane Е поета 
A-Dimethylhexane j а 
2,5-Dimethythexane 
лег С о не = 
2,2,4-Trimethylpentane А | 
,2,3-T rimethyipentane rr Ud с 
2,3 A-Trimethyipentane | 99.9% 98.0 95.0 min 
4,3,3-T rimethylpentane “Че 14 
Purity by freezing point, mol % 
reezing point, ee 
Boiling point, F ай Ae eee 
Distillation range, F 
— (wubóhwpm — —5| з] ПО 
Dry point Hm um > 
Specific gravity of liquid at 60/60F 1  07233* 0.723 
Е orans $78-—— 
API gravity st 60 F | НИ 41 — . 
Density of liquid at 60 F, Iby/gal erra 6.02 
Vapor pressure at. 70 F, psia p M enu 
„psia i an 
130 F, psia 
Refractive index, 20/0 пя | 1.404 — 
Color, Seybolt +30 +30 [530 p 
— Acidity, distillation residue — | $ neutral ______| пештаг 
Nonvolatile matter, grams/ 100 ті 0.0005 0.0005 | 
— Sulfur content, weight percent 0005 __ | 005 
Copper corrosion [2 1 
~ Doctor test — T negative | negative | 


CO _ 4105) 
~ Flammabilty limits, volume in airi | 
TIO o eR 


Higher | 








405 0C 





* Literature values. 


Table 2.21: Mixed Dimethylhexanes (4) 


FORMULA Сенна 


TECHNICAL 


PROPERTIES GRADE 


_ Compasition, weight percent 


2,3-Oimethyipentans 


ро — 2-Methylhexane 
3-Methylhexane 
SE thylpentane 


Normal Heptane 


_ Dimethyicyclopentane 


~~ Methylcyclohexane 

"A bDimethylhexene 4.3 

_ 2 A Dimethylhexane = 

—— 25-Dimethylhexane 53.9 

Üther Dimethylhexanes 222 

2,24 Тптећурептепе 1.6 

____ 22 5Trimethylpentane 2 8 

,J,4- T rumethylpentane 


| 13,3 Trimethylpentane 


Purity by freezing point, mol % 
Freezing point, 
Boiling point, 


ra LR = === 











41 (056) 55 


~~ Flash _Flash point, approximate, 
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Table 2.20: Mixed Trimethylpentanes (4) 


FORMULA CoH 
PROPERTIES TECHNICAL 
GRADE 


Composition, weight percent 











 230imehypetae 5 |... 2422 
2Methylhexsne —— ча к н 
___УМићућехае о ПАНАМЕ И АНРИ сырлы с 
SEthyipentane | || 
Normal Heptane- ene о ао oth а 
пот Gimethyleyclopentane | E еа ри 
Methyicyclohexane | Р и 
_ _ 2,20тећућеме ___| 2.03 2 | 
UA Dimethythexane Wea een 
2 5-Dimethyihexane м 
ther Оптићућехале f | 35 — 
— 224Trimethylpentane | M 
22 3 Trmethylpentane aa 
— à3^4Trimethylpenane | Ud 
| 233Trimethylpentane 
Purity by freezing point, mol % a қ 
Freezing point, ана 
` Boiling point, F РМ асау аа ыы Мы арқаны ыссы БА 
__ Distillation range, F АЕ 
...JWüabolngpi | 235 — — — 
Ory point __ 236 = 
~~ Specific gravity of liquid at 60/60 Е 0723 = 
E асо м0: ____ 
API gravity at 60 F DL 64.2 





Density of liquidat 60 F, byg | со 1 


— Vapor pressure at ЈО Р, рва 

















ма 110.22 
Е = 11 F, psia mn 
elractive index, 2070 "ТАМ др 
~ Color, Sayboit | +30 
— Acidity, distillation residue _ ual ——— 
X Nonvolatile matter, grams/ 100 mi 000006 —. — — 
_ Sulfur content, weight percent ЕЕ 2 
Copper corrosion 1 E 
~ Doctor test р negative — O O o0 
- Flash point, approximate, АЕС 
^ Fhmmibilty limits, volume X insir| —— rd e онај 
ower к ық ——————À 
-" Higher —— na 
TECHNICAL 
PROPERTIES AE 
Distillation range, F 
— Tanal bolin po ma з 
Dry point 288... 
Specific gravity of liquid at 60/60 F 0.704 
vue 94С| 55092 2 
API gravity at 60 Р 00 8940 
— Density of liquid at 60 F, bugal 5.86 
Vapor pressure at 70 F, psia 
100 F, psis dur ML iiec 
М 130 F, psia 
ractive index, 20/0 1.394 
~ Color, Saybolt ~ +30 
— Acidity, distillation residue = neutral s 
Nonvolatile matter, grams/100 mi 0.0005 
. Sulfur content, weight percent 0005 — 
Copper corrosion Е и, 
Doctor test — BUNC ee СИРЕ 


сн limits, volume % in air 


Tighe 





*Literature velues. 
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Table 2.22: n-Oxtane (4) 












FORMULA осн “ен, СН; 
RESEARCH PURE TECHNICAL 
___ Composition, weight percent. | —— —— EE 
Isooctanes 0.3 0.7 
Normal Octane и p 987 
2,2,5-Trimethylhexane e 
____2,24'Тптеућехале ____ сика дан 
Isoparaffins Бе 
Normat Nonane занес 
Purity by freezing point, mol % 96.2 99.0 тіп 
Freezing point, Р | 27023 | _ __ 1. 
Boiling point, F за ы EU I 
Distillation range, F те тат у 
Initial boiling point Еее ро ско е а чот 
Dry point ee Soe 
Specific gravity of liquid at 60/60 F 0.707 
at 20/4 С 0.702 
API gravity at 60 F Ба ee NT s 682. 
Density of liquid at 60 F, 155/да! 69 | 5.89 
Vapor pressure at_ 70 F, psia lel os: 
100 F, psia — 0.5 
130 F, psia 
Refractive index, 20/D |...  13943* | 1.397 | 1.397 
Color, Saybolt *30 
Acidity, distillation residue б | ша | neutral 
Nonvolatile matter, grams/100 ml m 0.0005 
|... Sulfur content, weight percent 0.005 
Copper corrosion d 
Doctor test negative negative 
Flash point, approximate, F 72 
* Literature values. 
Table 2.23: 2,2,5-Trimethylhexane (4) 
ең; es 
FORMULA сн,-с-сн,-сн,-сн-сн, 
сн, 
RESEARCH PURE TECHNICAL 
Composition, weight per cent Бал енна _ 
Могта! Остапе 
2,2,5-Trimethylhexane Әз 1и 97.2 95.0 тіл 
2,2 4-Trimethylhexane 0.01 2.8 
isoparafin Е саа 
Normal Novae о 
Purity by freezing point, mol % 99.3 99.0 min 
Freezing point, F Сва | и 
Boiling point, F [256.95 | Е 
Distillation range, F сые == == 
initial oiling point с ee ото 
Dry point ee ee 
Specific gravity of liquid at 60/60 F 0.717 
at 20/4 C 0.707 0.207 
API gravity at 60 F | 557 | 55.7 
Density of liquid at 60 F, Ibs/gal Ня 5.97 5.97 
Vapor pressure at 70 Е, рапа 0.3 0.3 
100 Е, раја | oe | 0.6 0.6 
130 F, psia Ге ЧЕ го 1.3 1.3 
Refractive index, 20/0 1,400 1.400 
Color, баубоп +30 
Acidity, distillation residue м [| netural 
Nonvolatile matter, grams/100 mi Le 0.0005 0.0005 
Sulfur content, weight percent -----%- 0.005 
Copper corrosion | tat 1 
Doctor tes р м | шше 
Flash point, approximate, F aia 55 


*( iterature values. 


Table 2.24: п-Мопапе (4) 


FORMULA 


PROPERTIES 


_ Composition, weight percent — —— 
isooctanes 
Normal Octane 
2,2,5-T rimethylhexane 


7—99 4Тйтећуһехапе | | 


isononanes 
fsoparaftins 
Могта! Мопапе 


Purity by freezing point, mol % 
Freezing point, F 
Boiling point, F 
Distillation range, Р 

Initial boiling point 

Dry point 
Specific gravity of liquid at 60/60 F 

st 20/4 € 

АР! gravity at 60 F 
Density of liquid at 60 F, ibs/gal 


Vapor pressure at. 70 F, psia 


100F,psa — 
130 Р, psia 
77 Refrctveindex 20/0 | — 
Color, Saybolt 
Acidity, distillation residue 
Nonvolatile matter, grams/100 ml! — 
Sulfur content, weight percent 
Copper corrosion. 5 
Doctor test 
Flash point, approximate, F 








"Literature values. 


Table 2.25: n-Decane (4) 


FORMULA 


PROPERTIES 


Composition, weight per cent 
Normal Nonane 
Normal Decane 
Normal Undecane 
Normal Dodecane 
Normal Tridecane 
Isoparaffins 


Purity by freezing 

Freezing point, F 

Boiling point, F 

Distillation range, F 

Initial boiling point 

Dry Point 

ific gravity of liquid at 60/60 F 
at 20/4 C 


point, mol % 


Sc 


API gravity at 60 F 

Density of liquid at 60 F, Ibs/g 
Vapor pressure at 100 F, psia 
Refractive index, 20/D 

Color, Sayboit 

Acidity, distillation residue 
Nonvolatite matter, grams/ 100 mi 
Fiash point, approximate, F 


* Literature values. 


CH,—{CH,),-CH, 


RESEARCH PURE 
GRADE GRAOE 


01 
99.9 
ИШ ШЕШ 99.2 99.0 min 
[|  -86435* | 
poor ue eu 
: Ee ты та 
0.7217“ МЕН Т; | 
0.71763" 
м 
| 860 | 
ое ето 
[| 
|_____140642 __| ____146 ___ 
Т за | чо — X | 
м | 
и 0.0005 
[mm cour БЕ 
а 
и el 
ЕВ 


сн,-(сн,!,-СН, 


RESEARCH 
GRADE 


PURE 
GRADE 


99.94 


| 
ҮП 


2 
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TECHNICAL 
GRADE 


0.5 
99.5 


95.9 95.0 min 


neutral 
0.0005 


TECHNICAL 
GRADE 


1 


99.55 99.1 99.0 ті 96.5 95.0 тіп 
[сл ал ш | 
Oo ај ава ит а МАЯ 
| 384 
-——— — 0734 
| 0730 | 0.730 
фз | 61.3 
С RM — 6.11 
| e cc oer usa ace] 0.1 
1448 | 342 — — 1412 
*30 
| мм | мм 
р мш 2 0.0005 
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Table 2.26: n-Undecane (4) 


FORMULA 


PROPERTIES 


|. Composition, weight per cent 
Normal Nonane 
Normal Decane 
Normal Undecane 
Normal Dodecane 
.. Normal Tridecane 


С Isoparaffins 


Purity by freezing point, ml% _______ 
бе DOU Fe 
Boiling point F ....... 


Distillation range, F 


______Initial boilingpoint —  à—^ .. : 


Огу Point 


~ Specific gravity of liquid at 60/60 F 
at 20/4 C 


API gravity 1 6 01-00 


Density of liquid at 60 at GOF, Ibsgal Ibs/gal 
Vapor pressure at 100 F, psia 


Refractive index, 20/D 
А Color, Saybolt 


Acidity, distillation residde 2 
Nonvolatile matter, grams/100 ml E 


Flash point, approximate, F 


"Literature values, 


Table 2.27: n-Dodecane (4) 


FORMULA 


PROPERTIES 


__ Normal Nonane 
Normal Decane 
Normal Undecane 
Normal Dodecane 
Normal Tridecane 
Isoparaffins 


Purity by freezing point, mol % 
Freezing point, F 
Boiling point, F 
Distillation range, F 
initia! boiling point 
Dry Point 


Specific gravity of liquid at 60/60 F 


at 20/4 C 
API gravity at 60 F 
Density o liquid at 60 F, Ibs/gal 
Vapor pressure et 100 F, psie 
Refractive index, 20/0 
Color, Ssybolt 
Acidity, distiliation residue 
Nonvolatile matter, grams/ 100 ml 
Flash point, approximate, F 


* Literature values. 


CH4- ICH.) s - CH. 


RESEARCH PURE 
GRADE GRADE 


сн,-існ.),0-СН, 


RESEARCH PURE 
м med 


а 
о о 
со 
қ 
| 
4. 
| 


99,3 99.0 min 





TECHNICAL 
· БААОЕ 





- 367 95.0 min | 





у 


20149. 
а о а 
neutral 


TECHNICAL 
GRAOE 


0.3 
99.7 
trace 


95.5 95.0 min 


418 
424 
0.753 


56.4 
6.26 


1,422 
+30 
neutral 


160 
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Table 2.28: n-Tridecane (4) 


FORMULA сн сн) СНУ 


RESEARCH PURE TECHNICAL 
PROPERTIES GRADE GRADE GRADE 


__ Composition, weight percent — __ 
Normal Tridecane 


Normal Tetradecane 
____ Normal Pentadecane 0 элс ыыы Эс 
Normal Hexadecane ri 


Normal Heptadecane 
Isoparaffins 








Purity by freezing point, mol % ___ 
Freezing point, F 
Bailing point, F 


Distiltation range, F 

















50% Condensed 
__ 90% Сопдепзеб 
-Шүрім | 


~ pecific gravity of liquid at 60/60 F 


___ МС (0 

__APlgravityat8OF _______ 

__ API gravity at 60 Е n 
Density of liquid at 60 F, tbs/gal — 
Refractive index, 20/0 

~~ Color, Gardner 


ee конта ааа о l——À 




















































Acidity, distillation residue 0 neutral _ neutra __ 
Sulfur content, weight percent č 0.005 0.005 
Bromine number 
Kinematic viscosity, csat 77 F — | ad 2.25 OO 
Flash point, approximate, F | 175 (0-56) 175 (D-56) 
*Literature values 
Table 2.29: n-Tetradecane (4) Table 2.30: n-Pentadecane (4) 
FORMULA сн,-(сн,),,-Сн, FORMULA CH,7(CH4),4-CH4 
PURE TECHNICAL TECHNICAL 
PROPERTIES GRADE PROPERTIES GRADE 
_ Composition, weight percent LÀ Ени Composition, weight percent _ | 
Normal Tridecane Normal Tridecane 
Normal Tetradecane 99 Normal Tetradecane М 
777 Мога! Репгадесапе E | NN ..  NormsPentadecane 99.7 
“Normal Hexadecane ^ — Normal Hexadecane ено ша 
Normal Heptadecane аи от Normal Heptadecane = 
Isoparaffins ay ——— К Isoparaffins 0.3 
Purity by freezing paint, moi * Purity by freezing point, mol €. — 96.80 95.0 min 
Freezing point, F x Freezing point, F = 48.74 
Boiling point, F Boiling point, F 
Distillation range, F Distillation range, F E 
Initial boiling point Initial boiling point _ 502 
10% Condensed 10% Condensed 512 
50% Condensed _ 50% Condensed o 514 
77 90% Condensed 90% Condensed 516 
Dry point Ory point — 
Specific gravity of liquid at 60/60 F Specific gravity of liquid at 60/60 F 0.7721* 
at 20/4 C at 20/4 C 0.76830* 
API gravity et 80 F | Pot E API gravity at 80 F 
API gravity 2! 50 Е 52.5 API gravity at BO F 51.77“ 
Density of liquid at 60 F, Ibs/gal 6.40 Density of liquid at 60 F, Ibs/gal 6.43? 
Refractive index, 20/0 | 142882; | 1430 Refractive index, 20/0 1.4332 
Color, Gardner б т КН Color, Gardner <1 
Acidity, distillation residue — | Acidity, distillation residue 
Sulfur content, weight percent Sulfur content, weight percent 
Bromine number ле м Bromine number 0.10 
Kinematic viscosity, cs at 77 F КЕН | Kinematic viscosity, cs at 77 F 
Flash point, approximate, F | 250" |250" Flash point, approximate, F 270 


*Literature values *L iterature values 
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Table 2.31: n-Hexadecane (4) 


FORMULA 


PROPERTIES 


Composition, weight percent = (о 
Могта! Т пдесапе 
Normat Tetradecane 
...NormalPentadecan _ __ 
Могта! Нехадесапе 
Normal Heptadecane 


Isoparaffins 





___Purity by freezing point, mol % 


Freezing point, F 
Boiling point, F 
Distillation range, F 
___Initial boiling point 
10% Condensed 
__50% Сопдепзед ___ 
С. 9096 Condensed 
А Ürypont — 
|. Specific gravity of liquid at at60/60F — 
at 20/4 C 
___API gravity at 80 F 
API gravity at 60 F EN 
Density of liquid at 60 F, Ibs/gal 
Refractive index, 20/D 
— Color, Gardner 
.— Acidity, distillation residue 
.. Sulfur content, weight percent 
Bromine number dum 
Kinematic viscosity, cs at 77 F 
Fiash point, approximate, F 





*Literature values 


сн сн.) а СН 


TECHNICAL 
GRADE 


0.2 
__996 . . 


0.2 


763.79 


521 
531 
531 
533 
540 





51.8 
49.91 
6.49 


Table 2.33: n-Octadecane (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
Normal Hexadecane 
Normal Heptadecane 
Normal Octadecane 
Normal Nonadecane 
Normal Eicosane 
Isoparaffins 


Purity by freezing point, mal % 
Freezing point, F 
Distillation range, F 
Initial boiling point 
10% Condensed 
50% Condensed 
90% Condensed 
95% Condensed 
API gravity at 100 F 
API gravity at 60 F 
Density of liquid at 60 F, Ibs/gal 
Color, Gradner 
Bromine number 
Flash point, approximate, F 


сн,-(сн,!,-СН, 


TECHNICAL 
GRADE 


0.1 
0.3 
99.2 


0.4 


95.95 95.0 min 
81.82 
5 mm Hg 
302 
310 
312 
312 
313 
51.8 
48.01 
6.56 
1 
0.48 
330 


TAP! gravity at 60 F is corrected from 100F. 


| 96.35 950min | 


Table 2.32: n-Heptadecane (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
Normal Tridecane — 
Normal Tetradecane | 
_ Normat Pentadecane 
Normal Нехадесале ________ 
Могта! Нертадесапе ___ 
Isoparaffins 











Purity by freezing point, mol 9e 

Freezing point, F 5 
Boiling point, Е m 
Distillation range, F - 
Initial boiling point. os dU 
10% Сопдепзед ___ 
____ 50% Condensed аи 

_____90% Сопдепзеа _ 
Dry point un 
ЖЕТТІ! c gravity of liquid i at 60/60 Е Са 
__ У. 
API gravity t BOF _ _____ 
API gravity t60 F о. 


Oensity of liquid at 60 F, ыш 
Refractive index, 20/0 


Color, Gardner 


— Acidity, distillation residue | Борони 
Sulfur content, weight per percent СА 


А ЫЫ лыы зи 


Bromine number m 
Kinematic viscosity ‚© at 77 F Е un d 


Flash point, approximate, F 























*Literature values 


CH з“сн,) 1$ 073 


TECHNICAL 
GRADE 


0. 
99.4 
0.3 


96.60 95.0 min 
70.47 


5 mm Hg 
289 
291 
292 
292 


508 
48.91 
6.53 


Table 2.34: п-Мопайесапе (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
Normal Hexadecane 
Norma! Heptadecane 
Normal Octadecane 
Normal Nonadecane 
Normal Eicosane 
Isoparaffins 


Purity by freezing point, mal % 
Freezing point, F 
Distillation range, F 
Initial boiling point 
10% Condensed 
50% Condensed 
90% Condensed 
95% Condensed 
API gravity at 100 F 
API gravity at 60 Е 
Density of liquid at 60 F, ibs/gal 
Color, Gradner 
Bromine number 
Flash point, approximate, F 


tAPI gravity at 60 F is corrected from 100Ғ. 


CH а ӨН! Сн; 


TECHNICAL 
GRADE 


0.5 
99.3 


0.2 


95.37 95.0 min 
87.98 
5 тт Но 
320 
333 
336 
336 
336 
51.0 
47.31 
6.59 
1 
0.53 
335 


Table 2.35: n-Eicosane (4) 








FORMULA сн сн.) а-СН, 
90% 
PROPERTIES GRADE 
Composition, weight percent EN 
Normal Hexadecane | а 
___ Могтај Heptadecane pon алы 
.  NormalOctadecane č 
И _ Могта! al Nonadecane ЕТ 1.25 
Normal Eicosane {| 9875 


~ Woparaffins 


Purity by freezing point, moi% | 91.83 90.0 min_ 
Freezing point, Fo  —— 95.83 


CYCLOPARAFFINS 


Table 2.36: Cyclopentane (4) 


FORMULA 


RESEARCH 
PROPERTIES GRADE 


Compasition, weight percent 
Normat Pentane 


Cyclopentane 


2,2-Dimethylbutane Da m 
__Normal Hexane — вени 
Methyicyclopentane "qoe 


Purity by freezing point, mol% | 
Freezing point, F 
Boiling point, F 
Distillation range, F 
Initial boiling point Ls 
1096 Condensed 
50% Condensed 






Hydrocarbon Solvents 






PROPERTIES 














Distillation range, F 


Initial boiling point — 
1096 Condensed 


.. ...90* Condensed — — 
90% Condensed 
95% Condensed 

API gravity at 100 F 


API gravity at 60 Е 


Density of liquid at 60 F, Ib F, , Ibs/gal 


Color, Gradner 


Bromine number 


Flash point, approximate, F 84 


























1API gravity at 5O F is corrected from 100Е. 


CH,-CH, m 
сн,-сн, 2 

РИВЕ TECHNICAL 50% 

GRADE GRADE GRADE 





93 90 тіп 


120.4 
120.9 
120.9 





90% Condensed . 
Dry point 
Specific gravity of liquid at 60/60 
at 20/4 C 
API gravity at 60 F 
Density of liquid at 60 F, Ibs/gal 
Vapor pressure at 70 F, psia 
100 F, psia 
130 F, psia 
Refractive index, 20/D 
Color, Saybolt 
Acidity, distillation residue 
Nonvolatile matter, grams/ 100 m! 
Sulfur content, weight percent 
Kauri Butanol value 
Aniline point, F 
Copper corrosion 
Doctor test 
Flash point, approximate, F 


*Literature values. 


**Major impurities are 2,2-Dimethylbutane and 2,3-Dimethyibutane. 


co 


121.1 
121.5 


10.0 


neutral 
) 000 } 0008 
We: 


~ 
со 
5” 
e 
8. 
5 


зан 


-35 
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Table 2.37: Methylcyclopentane (4) 


FORMULA 






TECHNICAL 
GRADE 


RESEARCH 
PROPERTIES GRADE 


2.0 


Normal Hexane 


Methylcyclopentane 
2,4-Dimethylpentane 
Cyclohexane 
Isoheptanes 
3,3-Dimethylpentane 

Benzene & Toluene, ppm 
1,1-Dimethylcyclopentane 

1,2 & 1,3-Dimethylcyclopentane 











Purity by freezing point, mol 
—— Freezing point, F 1 -24М8 | 0 EFC 


Boiling point, F 
Distillation range, F 
initial boiling point 
10% Condensed 
50% Condensed 
909; Condensed _ 
Dry point 


Specific gravity of liquid at 60/60 F 
at 20/4 С 











0.7535“ 
0.74864* 








API gravity at 60 F 

Density of liquid at 60 F, Буда! 

Vapor pressure at 70 Е, раја 2.24“ 
100 F, psia 4.50“ 
130 F, psia : 

Retractive index, 20/D LLL 1.40970“ 

Color, Saybolt - |. 430 

Acidity, distillation residue 

Nonvolatile matter, grams/100 ml 

Sulfur content, weight percent 

Aniline point, F 

Kauri Butanol value 

Copper corrosion 

Doctor test 

Kinematic viscosity, cs at 32 F 

Flash point, approximate, F 


eo 
~ 
~ 

* 





neutral neutral 
0.0005 0.0005 E 
0.005 


negative 


-17 


Li ја 

LM o 
S 
сп 


*Literature values. 


Table 2.38: Cyclohexane (4) 


\ 
о 
т 

~ 

/ 


—0 
т 
-0 
I 


FORMULA 


о 
т 
о 
т 
м 


“ 


ы 
/ 
о 
т 
м 


90.5% 98.0% 


RESEARCH | 
GRADE GRADE 


__Composition, weight percent _ 
Normal Hexane 


Е Ес рае рае 
prc erc oe URL 
Methylcyclopentane lu cM enu cs 
2 4-Dimethylpentane | 090 | 0 да 
Cyclohexane 98.8 98.0 min 
Isoheptanes патоса 0.4 
3,3-Dimethylpentane 4001 || 02 
Benzene & Toluene, ppm po 193 500тех | 200 500 max 
1,1-Dimethylcyclopentane Eo сы ы л Дл а лыг 
1,2 & 1,3-Dimethylcyclopentane а 
Purity by freezing point, mol % | ss | | æ 
ы 34854 | | 


Freezing point, F 
(continued) 


Table 2.38: (continued) 


PROPERTIES 


Boiling point, F 
Distillation range, F — 
Initial boiling point — — 
10% Condensed 
50% Condensed 
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99.5% 98.0% 
GRADE GRADE 





| 1793 175.1 min | 








‘90% Condensed — — 
Dry point 
__ __ Specific gravity of liquid at 60/60 F | = 
| ВАС "ќ" 


_ АР! gravity a at 60 F Е 
Density of liquid at 6° F, „Вада ___ 


а ..Vapor pressure at. 70 F, psia - 


|... WOF,psa | 
130 F, psia 


~ Refractive index, 20/0 


Color, Saybolt | 
“Acidity, distillation residue 5 
a _Nonvolatile lle matter, grams/ 100 ті 

.. Sulfur coi content, weight percent 5 

.. Aniline pi point, Е 

© Каш Butanol value 

Copper c corrosion 
г __Doctor test __ и 

“Kinematic viscosity, cs at 32 F 

~~ Flash po point, approximate, te, F 


= —)———————-—-. 


лә. n aami и 


“Literature values. 


Table 2.39: 1,1-Dimethylcyclopentane (4) 


сн,-сн, 
FORMULA | сен), 
CH -CH 
i a ee 
90% 
PROPERTIES GRADE 


Composition, weight percent 


Normal Hexane 
Methylcyciopentane 

2, 4-Dimethylpentane 
Cyclohexane 
Isoheptanes 
3,3-Dimethylpentane 
Benzene & Toluene, ppm 
1, 1-Dimethytcyclopentane 92* 
1,2 & 1,3-Dimethyicyclopentane 


Purity by freezing point, mo! % 
Freezing point, F 
Boiling point, F 


Distillation range, F 


Initial boiling point ле 4 2 
10% Сопдепзед = 0 — 
50% Condensed 190 

90% Condensed | 190 








Dry point 190 





Sulfur content t, weight percent 


~ Copper corrosion 


___ 177.8 179.6 тәх | 177.8 179.6 тах || 


ом | ол. 





1406 — | М4 a 
tmin | 330 430 min — 


б - neutral 
- 0.0007 0. 0010 max 


Тррт 5 ррт тах _ 






PROPERTIES 


Specific gravity of liquid at 60/60 F 074 д 
_ 4 20/4 С ..0.49 7“ 
_АР муа — 7 | —— 


Density of liquid at 60 F, Ibs/gal e 
Vapor pressure at 70 F , psia | EN 

Hi С WYOf,pia | aM 

130 F, psia 

Retractive index, 20/D_ 
Color, Saybolt 
__Acidity, distillation residue 
Nonvolatile matter, r, grams/100 mt 














- Anlinepont EF | LC ERN 
Kauri Butanol value 42.9 





Doctor test ще 
Kinematic viscosity, cs at 32 F 


Flash point, approximate, F <70 


"Мар impurities are: Cyclohexane, 3,3-Dimethylpentane and 2-Methythexane. 
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Table 2.40: 1,2- and 1,3-Dimethylcyclopentane (4) 

































CH 
PROPERTIES 
CH 
FORMULA сн Зен-сн, 
CHa ena Specific gravity of liquid at 60/60 F 0.748 
90% at 20/4 C — 0.744 
PROPERTIES _API gravity at 60 F ____ teas 
GRADE Density of liquid at 60 F,, ibs/gel й 
V t 70F, psi y E ма | 
Composition, weight percent _ = Vapor pressure ot 8 ___ е2 бе 
Могта! Нехвпе P» _ каа как a раз Wan pt Ла um eC CERE — 
Methylcyclopentane ие. : a 
2,4-Dimethylpentane е МЕЧЕ 5 Saybolt тыз лр | 





— був _ _  —  — _—4— -- А ро 
я LITE = = Nonvolatile matter, grams/ 100 ml Ms | Ш 
а те PM o ccr B тата Sulfur content, weight percent 

Benzene & Toluene, ppm | —9——À—À P: а 126 з: 

















1,1-Dimethyleyclopentane Aniline point, F 
аа | Е i нане са сл ата е на a ТС N à 4 
1,2 & 1,3-Dimethylcyclopentane 921 _Kauri Butanol value — $ 4d —— 0 — 40.5 | 
й Copper corrosion 
Doctor test 


кеу РҮ ee point, mol% Kinematic viscosity, cs at 32 F 

er Oe т oo : = Flash point, approximate, F < 70 
Boiling point, F чан, сь л зш 
Distillation range, F | : м за, 























Initial boiling point T, | 2222196 

10% Condensed 19] tMajor impurity is 3-Meth 
——$—$$ —— —— ——— - у!ћехапе, 
______50% Condensed | | | — 197 юг 

90% Condensed 197 

Dry point 197 





Table 2.41: Methylcyclohexane (4) 


J£Ha- CH; 
FORMULA CH4-CH. усн 
H4-CH, 


C 
RESEARCH PURE TECHNICAL 
PROPERTIES GRAOE GRADE GRADE 


Composition, weight percent 
1,2-Dimethylcyclopentane 
Normal Heptane 
Methylcyclohexane 
Ethylcyclopentane 
Toluene 
trans-1,4-Dimethylcyclohexane 
cis- 1,4-Dimethylcyclohexane wr 
Other Dimethylcyclohexanes — — 
trans-1,2-Dimethylicyclohexane | 
cis-1,2-Dimethylcyclohexane 
ortho-Xylene 

Unidentified Impurities 






































Purity by freezing paint, moi % 
Freezing point, F 
Boiling point, F 
Distillation range, F 

Initial boiling point 

5096 Condensed 

Dry point 
Specific gravity of liquid at 60/60 F 

at 20/4 C 

















. API gravity at 60 F 
Density of liquid at 60 F, Ibs/gal 
Vapor pressure at 70 F, psia 
| 100 F, psia 
Refractive index, 20/D 
























































Color, Saybolt *30 330 
Acidity, distillation residue neutrat neutral 
Nonvolatile matter, grams/100 m! 0.0005 0.0005 
Sulfur content, weight percent 0.005 
Copper corrosion 1 
Doctor test _ negative 
Flash point, approximate, F 22 


* Literature values. 


Table 2.42: trans-1,4-Dimethyicyclohexane (4) 















































CH,-CH 
A та Te 
FORMUL сн, сн, 
сн-сн, 
TECHNICAL 
PROPERTIES GRADE 
Composition, weight percent | - he RENE 
| M20 imethyl cyclopentane _ _ _ ТАЕ О 5 = ва 
С Мопта! Нерапе  ... E sel 
Methyicyciohexane е и " 
Ethylcyclopentane _ Е Е Ms 
. Томе — ее 
trans-1,4-Dimethylcyciohexane 4 996. |. — 1 
cis. 1,4-D imethylcyctohexane imr: NM 
Other Dimethylcyclohexanes 2 з E Rf = 
trans -1,2-Dimethylcyclohexane | _ Ота _ 
5 cis-1,2-Dimethylcyclohexane — o 
777 ortho-Xylene ААШ сас ыы Ен 
Unidentified Impurities 0.4 
-Purity by freezing point, mot % | __ 95.03 95.0 ми 
— Freezing poi oint, F ie oe | -9192? 2 ы. 
вой ром оц 
Distillation range, F o ден mid e o E sete 
initial boilingpoint — — — —. _ 245 _ 
"50K Condensed L I 
.... Dty point Nerd Е 248 BEEN 
Specific gravity of liquid at 60/60 F F 0744804. 
а “ис ооо _ 
API gravity at 60 F O 000 52.2 : и 
Density of liquid at 60 F, руда - = 64" _____ ки 
— Vapor pressure at 70 F, psia — $ 0.4 ncs 
= 100 Fi psis | і 20. 
Refractive e index, 094. 1.4229 
__Сојог Заубон —— +28 | 
: “Acidity, distillation residue | neutra! 
Nonvolatile matter, grams/100 mi 0.0005 Mes 
_ Sulfur content, weight percent x 
, Coppercorroson — — 
Doctor test —  — t negative - = __ 
Flash point, approximate, =. 40 (0 56) 


Table 2.44: Mixed 1,4-Dimethylcyclohexanes (4) 


FORMULA САН в 


TECHNICAL 
PETER GRADE 


Composition, weight percent 02 
1,2-Dimethylcyclopentane 
Normal Heptane ЖЕЗ 
Methyicyclohexane 





Ethylcyclopentane 

Toluene 

trans- 1,4-Dimethylcyclohexane 44.0 ; 
cis-1,4-Dimethyicyclohexane 54 3 | 95.0 ти 
Other Dimethylcyclohexanes 1.1 


trans - 1,2-Dimethylcyclohexane 
cis 1,2-Dimethylcyclohexane 
ortho-X ylene 

Unidentified Impurities 
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Table 2.43: cis-1,4-Dimethylcyclohexane (4) 


FORMULA 


427 
сн,- сн 






eee | eee нарына 



































TECHNICAL 
PROPERTIES GRAOE 
a EE TI ИО ОИ ЕЕ пава ЛВ ВН ae 
Composition, weight percent то New Же ыларын сын ы: 
| V2-Dimethylcyclopentane Mu LEY. _ 
Миа Нери 
Methylcyclohexane __ __ ____ 
Ethylcyclopentane __________ Dead, eo eee 
Toluene aa ar а една ыш 
trans- 1,4-Dimethylcyciohexane 0.11 
cis 1,4-Dimethylcyclohexane an 9989 | © 
Other Dimethylcyclohexanes НЕТ hn oe 
trans -1,2-Dimethylcyciohexane Пи 
cis-1,2-Dimethylcyclohexane —— n 
___опћо-Хујепе ши 
Unidentified Impurities ~~ 
A GL TELAT EEE (Ya LE АВ 
Purity by freezing point, mol % | 97.4 95.0 min 
Freezing point, F _ 2.27, -125.38“ 
Boiling point, F ie | 255.78° Ш 
Distillation range, F | ee 
= Initial boiling point трае: 255 
____50% Сопдепед __________ 
22 Ory point | ЕШ 256 
. Specific gravity of liquid à at 50/60 Е. _ 0.7872 
- |. ma23A4t 0.7825 1. 
API gravity at 60 F _ 48.2 
. Density of liquid at 60 F, „Буда __ | 6.56 
| _ Vapor p pressure at 70 F, psia | 
о бра 0.7 
-Refractive index, 20/0 | а кої 1.4297 
" Color, Sayboit — _ aes, +30 
Acidity, distillation residue Ж t netural 
“Nonvolatile matter, gramsy/100mi | 0.0005 
Suttur content, weight percent = _ |_ 
.Coppercorroson и ита 
Doctor test T 
“Flash point, approximate, Й тара 60 


* Literature values. 


TECHNICAL 


PROPERTIES 
Я Е GRADE 





Freezing point, F 
Boiling point, F 
Distillation range, F 





initial boiling point 250 
50% Condensed n 2” 252 
Dry point — E 253 
к gravity of liquid at 60/60 F  — 0.7784 
4240: | 0.7739 
API gravity at 60 F DS 50.3 
Density of liquid at 60 F, Ibs/gal ово 5.48 
Vapor pressure at 70 F, psia a 0.4 
100 F, psia 2.0 
Refractive index, 20/0 ПНЕ 1.4257 
— Color, Saybolt _ а +30 
__Acidity, distillation residue Pe neutral - 
.. Nonvolatile matter, gram 100 0.0005 


___ Sulfur ca content, weight percent | 


- Doctor t test 


Flash point, approximate, eF 


FO з AU 
45 (0 56) 
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Table 2.45: trans-1,2-Dimethylcyclohexane (4) 


CH 


сн, 
FORMULA | 


N 


сн, CH 


3 


-сн 


~ 
m 


CH, 
RESEARCH PURE TECHNICAL 
PROPERTIES GRAOE GRADE GRADE 


Composition, weight percent (0 
. ..l2Dimethykycopenan — —  — 
....NormebHeptane _ t 


Мешћу!сусјоћехале __________ 
Ethylcyclopentane 


Toluene M 
trans-1,4-Dimethyicyciohexane _ 

cis 1,4-Dimethylcyclohexane 

Other Dimethylcyclohexanes 








——— RÀ E À —— — — M — 


cis 1,2-Dimethyleyclohexane — — 
ortho-X ylene 
Unidentified Impurities 


Purity by freezing paint, mol % 

Freezing point, F ти 

Boiling point, F nM E 

Distillation range, FO — .— | — 
initiat boiling point — _ 

50% Condensed | 

~ Dry point _ HON MO 

Specific gravity of liquid at 60/60 F 
uctor NAA TU 
, APigmityabÜF — — 35 
Density of liquid at 60°F, вині __ 


КЕ Уарог pressure at 70F, psia nm a 
_-. Refractive index, 20/0 
Color, Saybolt - 


Acidity, distillation residue — я 


aes нетот —————  — е. 


... Nonvolatile matter, grams/ 100 ml 


_ Sulfur content, weight percent — 








___Соррег сопгоноп______________ 1 
Doctor test > negative 





Flash point, approximate, F 51 (0 56) 


*Literature values. 


Table 2.46: cis-1,2-Dimethylcyclohexane (4) 


~ 
о 
т 


CH,—CH 
FORMULA | 
CH4-CH 


RESEARCH 
PROPERTIES GRADE 


Composition, weight percent 
Methylcyclohexane 
trans- 1,2-Dimethylcyclohexane 
cis 1,2-Dimethylcyclohexane 99.96 
Ethyicyclohexane 
Ethylbenzene 
Xylenes 
Isopropyibenzene 
lsopropy!cyciohexane 
Unidentified 


Purity by freezing point, mol % 
Freezing point, F 
Boiling point, F 
Distillation range, F 
Initial boiling point 


| 
Е 


ы N 
За-о” 
I I 





f negative 
51 (0 56) 


PURE 
GRADE 


0.1 
99.7 


0.2 


99.5 99.0 тіп 


(continued) 


Table 2.46: (contin 


Dry point 
of liquid at 60/60 F 


at 20/4 C 


ued) 


PROPERTIES 


Specific gravi 


API gravity at 60 F 


Density of liquid at 60 F, Ibs/gal 


Vapor pressure at 70 F, psia 


Acidity, distillation residue са 
Nonvolatile matter, grams/100 mi | 


100 F, psia 
Refractive index, 20/D 
Color, Saybolt 


Sulfur content, weight percent 
Copper corrosion 

Doctor test 

Flash point, approximate, F 


*Literature values. 
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Table 2.47: Mixed 1,2-Dimethylcyclohexane (4) 


FORMULA 


PROPERTIES 


Composition, weight percent _ 
Methylcyciohexane 
trans-1,2-Dimethylcyclohexane 
cis-1,2-Dimethylcyclohexane 
Ethyicyclohexane 
Ethylbenzene | 
Xylenes 
Isopropylbenzene 
Isopropylcyclohexane 
Unidentified 





Purity by freezing point, mol 96 
Freezing point, F 


Boiling point, F 


Table 2.48: Ethylcy 


Ce" 16 


PURE 
GRAOE 








trace 
32 } 99.0 тіп 


trace 


260 


clohexane (4) 


FORMULA 
PROPERTIES 
Composition, weight percent 


Methylcyclohexane 


trans 1,2-0 imethylcyclohexane 2.” 


RESEARCH PURE 
GRAOE GRADE 
0.8006“ re пон: 0.801 
0.79627“ . 0796 2 
M 45.2 
6.67 2 
0.23“ 0.2 
00. 5... Фа и 
222222 14259400 5 1,436 
| 380 *30 ed 
uc te amt пада ре тата еч o 
0.0005 7. 
ри ла _ 0.005 
1 ——— 
negative 
60 (D 56) 
PURE 
PROPERTIES GRADE 
Distillation range, F 
Initial boiling point 
Dry point НЕ 
Specific gravity of tiquid at 60/60 F 0.792 
at 20/4 C 0.789 
API gravity at 60 F 47.2 
Density of liquid at 60 F, Ibs/gal 6.59 
Vapor pressure at 70 F, psia : 
100 F, psia 0.6 
Refractive index, 20/0 1.432 
Color, Sayboit +30 
Acidity, distillation residue neutral 
Nonvolatile matter, grams/ 100 ml 0.0005 
Sulfur content, weight percent 0.005 
Copper corrosion 1 
Doctor test negative 
Flash point, approximate. F 55 (D 56) 


cis-1,2-Dimethylcyclohexane 


пува | (00 


________ЕуЊепхепе ____ 
Xylenes 


, Wopropylbenzene 
|зоргору!сусјоћехапе 


Unidentified 


"Literature values. 


CH 


єн, Хы, 
| | 
сн, ен, 
сн ---- сн,-сн, 
RESEARCH PURE TECHNICAL 
GRADE GRAOE GRADE 
и Бе 
з тео 
2.0 
99.98 | 995 ј 969 
2272 0.02 |04 | 08 
ки Бане ee 


(continued) 
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Table 2.48: (continued) 


PROPERTIES 


Purity by freezing point, mol% 1 


Freezing point, F 
___Boiling point, Fo | | 0 
Distillation range, F | | 

Initial boiling point И 


sn DAY BONN o o s oe 
Specific gravity of liquid at 60/60 F— — 


мас | 


ят nr 


APl gravity atGOF _ | 


Density of liquid at 60 F „уда __ 


_____Марог ргеззиге аї 70 Брза ______ 


100 Р. риа 0 
Refractive index, 20/0 _ 0 
Color, Saybolt oe ee чен 


Nonvolatile matter, grams/100 m! _ 


Sulfur content, weight percent. 


| , Copper corrosion —— — — __ 


Doctor test NUMMUS 


Flash point, approximate, F 


* Literature values. 


Table 2.49: Isopropylcyclohexane (4) 


FORMULA 


PROPERTIES 


ПР Methylcyclohexane | 


RESEARCH PURE TECHNICAL 
GRADE GRADE GRADE 
39.66 99.19 99.0 тіп| 96.06 95.0 тіп 

pae 


-188.38* 





ваа а ар ана 
d 256 
КИР е 499 2. 
22, 0.7922“ 0.793 
0.78792* 0.788 
MERES TESEO 46.9 
ea AL 6.60 
0.48“ MU C e orte 
1.43304* БЕН: eee 
*30 *30 
A neutral HN 
0.0005 








| 

| | 
8 

| 

| 

| 

| 


о 
І 
о 
т 
о 
т 


же 
“CH 





сн 
~ 
CH, 


RESEARCH PURE TECHNICAL 
GRADE GRADE GRADE 


ee нн: ат от ар — — 


......Wansi2-Dimethylyclohexane — — 


cis 1,2-Dimethylcyctohexane 0 


Ethylcyclohexane 

|  Ethylbenzene — — . __ 
Хуе | 
lsopropyibenzene 
isopropylcyclohexane 


Unidentified 
Purity by freezing point, mol% __ 





Freezing point, F | 


. Boiling point, F — | ^ — 
Distiliation range, F 


Initial boiling point — 


Dry point 
Specific gravity of liquid at 60/60 Е 
at 20/4 C 


API gravity at 60 F 





Density of liquid at 60 F, lbs/gat — 


Vapor pressure at 70 F, psia 

2 ___ WOOF, psa 0 
Refractive index, 20/0 /| 
Color, Saybolt 





Acidity, distillation residue  — — 





Nonvolatile matter, grams/100 mi_ 
Sulfur content, weight percent 

__ Copper corrosion _ ee 
Doctor test еа а 
Fiash point, approximate, F 





"Literature values. 


p oa ue ET 
сс кіз За Іі 
E ы ты ш 
___ | 02 | 
- Р 003 | го | 07 
99.97 99.90 99.05 
ав | ie 
99.67 99.4 99.0 min 95.2 95.0 min 
[ uae | 
305“ | | 
— 
реа а 307 
0.8064“ 0.807 0.807 
0.8024“ 0.803 0.803 
1 438 | 438 
|. | 7 
pue c ecu a 
Bx xp oe oed 
|. 1407 [| тај 1441 
*30 
|... ена. | пета 
|. 295 | 00005 
а = иа е ЕЕ 
Ес: саа] 
НИЕ: 
pu E 36 


OLEFINS 


Table 2.50: Ethylene (4) 


FORMULA 


RESEARCH 93.8% 
GRADE 


PROPERTIES 


Composition, weight percent — 
Propane ____ 
____ Ргорујепе ___ 
_ Ethylene 0 
Ethane  ___ 
. Carbon Dioxide ppm — — 
.... Acetylene, ppm (liquid)  — 











. Сагьоп Мопохіфе,ррт 4 


_ _Qxygen,ppm | 
Hydrogen, ppm 


___ Freezing point, triple point, Fo 
.. Boilingpoint, F— 


. Specific gravity of liquid at 60/80 Е 
__ 4420/4 C 
_„_АР!шауйуа!60Р _ — 
Density of liquid at 60 F, Ibs/gal _ 
... Vapor pressure at. 70 F, psia | 
_ 100 F, psia | 
130 F, psia — 


_ Sulfur content, ppm 
Specific gravity of real gas at 

. 60 Е and 14.7 psia (Air = 1) 
Specific volume of real gas at 




















Critical temperatura, F  — 
.. Critical pressure, pia —— ^ — — — 

Density of real gas at 60 F 

Flash point, approximate, F 20 
|. Flammability limits, volume % in air 
... Lower o 
. . Mghr «^ /— 5 3. 

Heating value for ideal gas at 60 F 

and 14.7 psia, BTU/cu ft, dry besis 





* Literature values. 


Table 2.52: Isobutylene (4) 


CH 
FORMULA CH,-C “он, 
RESEARCH PURE 
PROPERTIES СВАОЕ 
Composition, weight percent а 
Isobutane | 006 | 01 
isobutylene 993 99.0 min 
Butene-1 0.4 
Butadiene-1,3 а 
Normal Butane | oa | 02 
Butene2 лке [ trace 
Acetylene (as Methylacetylene) ppm, wt. ] | 
Water, ppm, weight [т 
Сафопу! (а АсекаЧепуде) ррт, медот у | пі 
Propadiene, ppm, weight зро 
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Table 2.51: Propylene (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
Propane 
Propylene 
_ Ethylene 
Ethane | 
Methane. | | 
..... Carbon Dioxide, ppm _ 
Acetylene, ppm (liquid) — — 
Carbonyl, ppm (liquid) | — 


.  CarbonMonoxide pm — 1] 020 
_____Охудеп, рт 4... 


Hydrogen, ppm 


___ Freezing point, triple point, F _ _ 
. Boiling point, F .— (1. 
.... Specific gravity of liquid at 60/60 Р 
о ft 20/4 С. 
. APigrviyateüF — — — 
... Density of liquid at 60 F, Ibu/gel | 
. .Vaporpressureat 70F,psa —n 
_..., ..... OOF psia . 
LL OF, psia . 
-Sulfur content, ppm —— — 
Shecific gravity of real gas at 
.' 80 F and 14.7 psia (Air = 1) 
Specific volume of rea! gas at 
60 F and 14.7 psia, cu ft/lb _ 
_ _ Critical temperature, Fo 
Critical pressure, psia | | 
Density of real gas at 60 F 
o and 14,7 psia, Ibs/cuft . 
Flash point, approximate, F — — 
„Flammability limits, volume % in air 
RC LOWE alk hah 
LL... Higher а 
Heating value for ideal gas at 60 F 
and 14.7 psia, BTU/cu ft, dry basis 





Literature values. 


сн, = сн-сн, 


RESEARCH 
GRADE 


POLYMERIZATION 
GRADE 


995 990 min. 


trace 


301.45" 


—53.86* 





EE 





RESEARCH PURE 
PROPERTIES GRADE | GRADE 
Freezing point, F -220.63“ 
Boiling point, F 
Specific gravity of liquid at 60/60 F 0.6004“ 0.600 
at 20/4 С | 05942“ | 
API gravity at 60 F || 1043 
Density of liquid at 60 F, Ibs/gal | 489 
Vapor pressure at 70 F, psia ја 
100 F, psia | 634 
130 F. pia Ee 
Sulfur content, ppm | f| 8 
Specific gravity of real gas at 
F and 14.7 psia (Air = 1) | 1.997 
pecific volume of real gas at 
60 F and 14.7 psia, cu ft/lb ИШ 6.561 
Flash point, approximate, 1-10, 
Flammability limits, volume % in air xe eI 
Lower Eu 2 
"о ре 


*Literature values. 
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Table 2.53: Butene-1 (4) 


FORMULA CH4-CH,—CH = сн, 
RESEARCH [POLYMERIZATION 
PROPERTIES GRADE 
, Composition, weight percent ЭЕ 
Isobutane © | 
isobutylene [0.2 | 03 
Butene-1 99.4 99.0 min 
Butadiene- 1,3 |— | me 
Norma! Butane || 02 
_____ Вшепе-2 | [ trace 
Acetylene (as Methylacetylene) ppm, wt]. —— Г 15 25 тах 
Water, ppm, weight aaa 
Carbony! (as Acetaldehyde) ppm, weight | || 10 20тах 
Propadiene, ppm, weight p M 4 


Table 2.54: trans-Butene-2 (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 


RESEARCH 


PURE 
GRAOE GRADE 





RESEARCH [POLYMERIZATION 
PROPERTIES SHADE | РАЊЕ 
Freezing point, F -301.63“ 
Boiling point, F | 2073“. 
Specific gravity of liquid at 60/60 F 0.6013* 0.601 
at 20/4 C 0.5951“ 

API gravity at 60 F 103.9 
Density of liquid at 60 F, Ibs/gai 5.00 
Vapor pressure at 70 Е, psia 37.5 

100 F, psia 67.5 (105F) 

130 F, psia 99.7 

‘Sulfur content, ppm | t 10 тах 


Specific gravity of real gas at 
60 F and 14,7 psia {Air = 1) 
Specific volume of real gas at 
60 F and 14.7 psia, cu ft/Ib 
— Flash point, approximate, 
Flammability limits, volume % in air 
Lower те 
И 


-112 





*Literature values. 


| 
сн,-С “БЕН; 
H 


TECHNICAL 


Butene-1 trace 
Normal Butane 1.3 


| [.. 9$ [| 91 95min 
бебі Za 


trans-Butene-2 


Purity by freezing point, mol % 
Freezing point, F 
Boiling point, F 
Specific gravity of liquid at 60/60 F 
at 20/4 C 
APt gravity at 60 F 
Density of liquid at 60 F, lbs/gal 
Vapor pressure at 70 Е, рза | 
105 F, psia 
130 F, psia 
Flash point, approximate, F 


*Literature values. 


Table 2.55: cis-Butene-2 (4) 





99.2 99.0 min 








FORMULA oe 
сн,-с - с-сн, 
RESEARCH PURE TECHNICAL 
PROPERTIES GRADE GRADE GRAOE 
Composition, weight percent Ee 5580) 

Butene-1 
Normal Butane а d 
trans Butene- 2905 | 05 | 4.3 
cutie? [в | | в 


(continued) 


Table 2.55: (continued) 
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RESEARCH PURE TECHNICAL 
PROPERTIES 
Purity by freezing point, mol% ____ 99.4 39.0 min 
— Freezing point, F я Бе ае та 
Boiling point, F Барса eto 7 | 
Specific gravity of liquid at 60/60 F ^ 0.627 mE 0.632 
81 20/4 C 
API gravity at 60 F M 924 
Density of liquid at GOF, ths/gal — ; 5.26 
Vapor pressure at 70 F, psia __ 27.8 
105 Е, рзіа и 50.8 
130 F, psia — 74.8 
Flash point, approximate, F -100 
*Literature values. 
Table 2.56: Mixed 2-Butenes (4) 
FORMULA CH4—CH - CH-CH, 
PURE TECHNICAL 
PROPERTIES GRADE GRADE 
Composition, weight percent J ________ 
„ Биен — x eo ne 0.3 
Normal Butane 2.7 
aa transButene2 i sits 45.0 52.0 : 
— Gis Butene-2 56, 129.0 min 4501950 ті" 
__ Рийу by freezing point, mol % | _ 
___Freezing point, Fo .. || e 
... Specific gravity of liquid at 60/60 Е. 0.618 
АР gravity at 60 F 97.1 97.5 
С Density of liquid at 60 F, Ibs/gal в y O 5.14 
__ Vapor pressure at 70F р |90 |] 281 
ра 1 510 | 51 | 
о Эра | 765 | 167 
Flash point, approximate, F Lom ИИ -100 
*Literature values, 
Table 2.57: 3-Methylbutene-1 (4) 
CH 
FORMULA сн," сн-бн=сн, 
RESEARCH PURE TECHNICAL 
PROPERTIES GRADE GRADE GRADE 
Composition, weight percent D 
3-Methylbutene-1 | 98997 | 99.8 96.3 95.0 min 
2-Methylbutene-1 o o d. | 20 
2-Methylbutene-2 po A re eee Е 
Pentene-1 Ey ee чи у 
Pentenes-2 _____002 | 091 (| а 
Isopentane | 80 . |] ve — — | 0.5 


(continued) 
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Table 2.57: (continued) 


RESEARCH PURE TECHNICAL 
ај GRADE GRADE GRADE 
__ Purity by freezing point, mat% |1 595 | 3894 330mm | 
__..Freezing point, F — — —. 22271.28 NOE зака Ко зејтин 
2. Ваїйп рот. 00 -.68.11" ... ite 5 ылыа сы 
Disilationrang,F — _____ Ба Е ОМ ды 
. Initial boiling point - en. _{ оем. КРИЗ e 


==: Dry point 

_ Specific gravity of tiquid at 60/60 F_ 
_API gravity at 60F ____ 

- Density of liquid at 60 F, „руда - и 
_ Vapor pressure at 70 Ера 004 


OOF, pia | 


= _ 130Р,ра___ 
ы Refractive ‘index, 20/0 | 
: . Color, Sayboit 7 E 
Acidity, distillation residue И 


.. Nonvolatile matter,  grams/ 100 i ml. Ж | | И 


Flash point, approximate, F 


“Literature values. 


Table 2.58: 2-Methylbutene-1 (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
3-Methylbutene-1 
2-Methylbutene-1 
2-Methylbutene-2 еу: 
Pentene-1 T" 
Pentenes2 __ 


Isopentane 


и204 сј 


06325 | 063 0.633  — 
0.6272" | 068. 0828 _ 
- 918. 919 5 
| ЕТІ ест же 4. 
1525“ | 452. 150. 


omaes | а __| ва 
___ 1368 _|_ 13 f 134 
o9] за +30 | 
n 
CH4*C - CH,-CH, 
RESEARCH PURE TECHNICAL 
GRADE GRADE GRADE 
—— 0.3 
97.3 95.0 min 





Normai Pentane 


_ _ Purity by freezing point, mol | 











Freezing point, F 3 
Boiling point, Fo č ЈЕ 
___ Distillation range, F 
Initial boiling point — — 
____ Огуром _ "P 
Specific gravity of tiquid at 60/60 Е _ 
at 20/4 С. 


ЕНТІГ gravity at 60 Е 





___ Vapor pressure at_ 70 aa 
100F,psa — — 
130 F, psia 

___ Refractive index, 20/D 











.. Color, баубої Sa bolt — а 


___ Мопмојаше matter, grams/100 mi 
Flash point, approximate, F 


*Literature values, 





Table 2.59: Methyibutene-2 (4) 
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CH4 
FORMULA сн,-С«сн-сн, 
RESEARCH PURE TECHNICAL COMMERCIAL 
Composition, weight percent — | fee Wee есі 
змне 
.. QMehybutene! — — —— | —— sce | 02 | n ____ 10.3 
__ 2 Метубшепе2 _______ ___ 9999 __ | 99 | 974 950т, | 87.8 
_ __Ремеле] __________ | „че | O TO O wo | 
___Регјеве2 __ 0 |] | 00 — |] 03 | 23 | 0.8 
____зоремале — 17 1.1 
Purity by freezing point, mot% | Р зз | эзы | | 
‘Freezingpoint,Fo | |  -20858* | | 07 
. Belingpon,F — 104 | у г | 
_ Оншанопгапје Р 1] | ООО 
.MWiüabolinppit — — |] — | _ _ 1| wm | | 100.7 
рур 0471”) | 101.3 
Specific gravity af liquid at 60/60 F. 0.668 
оо R204 C] | | 06623" — | 062 | | | 05822 | 0.663 
APlgravityat6OF | | 903 | 806 | 
Density of liquid at 60 F, ibs/gal | —  — | 56 — | | 55 o 5.56 
Vaporpresureat 70F,psia —— — 
_ WOOF pia — | ча“ |83 — [| O 
oo MOF,psa | | | 246. | 246  — [|] 265 | 
Refractive index, 20/0 1.387 
Color, Saybot р | 0 — [| 9 
Acidity, distillation residue [ У | миг | 
Nonvolatile matter, grams/100mi ДО ј со» | 0 ____ 
"Literature values. 
Table 2.60: Pentene-1 (4) 
FORMULA сн, * сн - сн, - сн, - сн, 
RESEARCH PURE TECHNICAL 
__Composition, weight percent — — a 
Ізорепіапе _ — — trace a 0.1 ет 
Рае _ __ ___ 99.4 99.0 min 97.0 95.0 min 
. .2Methylbutene] —  — — — ltd rei 
____NormalPentane 22 0.5 
____|тапоРегјеле-2 _________ 0,5. 
cis-Pentene-2 
2-Methylbutene-2 0.5 
__ Purity by freezing point, mol% &— — M nic UU A ames 
Freezing point, F — — — ?— 3 So е. 
__ВонтдронЕ _________ cp 
. Distillation rang, F— ^  &— — Cox EM Laur 
. . Amitialboilingpoint — ^ — — — — 5-0 
____Огу Рот ___ eser 2,8 |. 
. Specific gravity of liquid at 60/60 F _ _ 0.546 
a at 20/4 C 0.641 
__API gravity at 60 F — — 87.5 
.. Density of liquid at 60 F, Ibs/gel El 5.38 
Vapor pressure at. 70 F, psia | 1070* | 10.6 
OOF psig ^. Рака 19.0 
_ SOF, psa _ 32.8 
. Refractive index, 20/D —— —— |. 137M8* | 1.372 
_ Color, Saybolt | — — *30 
Acidity, distillation residue ЕЕ и neutral neutral 
__ Nonvolatile matter, grams/100 mi E йі 0.0005 
Flash point, approximate, F 0001-60 -60 
еса Е 


Flammability limits, volume % in air 
s 4 


___Lower _____ 


> Literature values 


14" 
8.7" 


31 
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Table 2.61: cis-Pentene-2 (4) Table 2.62: trans-Pentene-2 (4) 
FORMULA CH, -с-6 - сн. - CH, FORMULA ж d 


RESEARCH | TECHNICAL RESEARCH 
PROPERTIES GRADE GRADE PROPERTIES GRADE 


__ Composition, weight percent _ Composition, weight percent 
_tsopentane 0 _ зорегмапе 











2 Рееепе10 0020 Pentene-] — _ 
" 2-Methylbutene-] - T 2-Methylbutene-1 - | | 
-Normal Pentane —— ралото уа thes -. 2 NormalPentene и 002 
___ trans-Pentene-2 32 |. .. WansPentene2. | | | 9963 | 
__cisPentene2 2-2 96.8 95.0 min ....sPenene2 и р 0.35. 
2-Methylbutene-2 2.Methylbutene-2 - | E 
Purity by freezing point, mol % -Purity by freezing point, mol % 99.53 
.Ргевгіпа рот, Р Ш . Freeringpoit, FE —  — — -220.44* 
.Boiingpent,F — .— . /. 1 — __ Вон ром, Е — . 97.44* 
__ Distillation range, | ап _ Distillation range, F 
_Initial boiling point L . Anitial boiling point 
222 Ory Point | ... Dry Point 
.. Specific gravity of liquid at 60/60 Е _ 0.660 .. Specific gravity of liquid at 60/60 F 0.6533* 
EN E __ 1204 С _ 0655 HS | a204 C — 0.6482* 
_API gravity at 60F __ и и 929 — — _APlgravityat6OF о 
. Demityofliquidat&O F,ibsge — | — —— 54) 2 _ Density of liquid at 60 F, Ibs'gal р 5447" 
„Vapor pressure at 70Е,ріа | 8. 83 _ Vapor pressure at 70F,psia — — 10.24 
E .A00F,pse | | 1. БЕ. a 100 F, psia | 15.4“ 
ЗЕ ра | 2584“ | 265 130F,psia — — 26.3* 
 Refrativeindex 200 — — — | — 1.3830: _ 1.383 _ Refractive index, 20/0 "P 1.3793* 
__Сојог, ЅауЬой — —  — 390 — Color, Saybolt | +30 
__ Acidity, distillation residue — 5 neutral | .. Acidity, distillation residue 
- Nonvolatile matter, grams/100 m! | 1 0.0005 | _ Nonvotatile matter, grams/100 mi 
Flash point, approximate, F Los Аа, wa __ Flash point, approximate, F _ | 
Flammability limits, volume % in air | ee _ Flammability limits, volume% inair P 0 
Сас К А Lower " 
Higher Higher 
* Literature values. * Literature values, 
Table 2.63: Mixed 2-Pentenes (4) 
FORMULA CH4 — CH = CH - CH, - CH, Е GRADE | p 
... Specific gravity of liquid at 60/60 F | | 0.656 0.658 
PROPERTIES Н eoo. w204 c | 965 _ | 0654. 
API gravity at 60F по р 82 | 85 _ 
Composition, weight percent — ta eee Density of liquid at 60F, БУ! | 58 — — 548 
Isopentane Vapor pressure at 70F psia | 84 | 8. o 
— Pentene-] | Ep лес OOF, pia — | 14 | 52 2 
“2Methyibutene? 0 pp . .MOF,pa | 20709 | 39? — 
Normal Pentane | 2 та Refractive index, 20/0] 1380 | 1381 
___ угапрремелег ________ ү _ Соћог,Заћон _ _ ______ Ка но - 
"A Mn) io ES 7787 95.0 тіп Acidity, distillation residue — — | neu | neutral. 
TZ Methylbutane2 ^  — — 19 к Nonvolatile matter, grams/100 m. | 0058 | 005 — 
 Flahpoin approximate F | -50 {| -50 —  — 
__Purity by freezing point, moi% ____ hrs sulle и caste зна . - Flammability limits, volum Xinair К 0 Р mnam 
. . Freezing point, F — 0 | lower... ——— даанага 
„Ветрот | ^ ] |  . . ove 





_ Distillation renge, F | B E 
initial boiting point _ _ 97 е 


___DryPoint — — 


Table 2.64: 3,3-Dimethylbutene-1 (4) 











Neohexene 
z 
FORMULA a Ry 
сн, 
TECHNICAL 
PROPERTIES СВАОЕ 
| Composition, weight percent — — | 
3,3-DimethylbuteneT = ___ 9895 1 
__230тећубшае _______ | ъ 
, AMehypetene] — 5 0 | 0000--- 
.3-Methylpentene-1 - : _ | ee сЕ 
__2,3-Dimethylbutenet 000 Е Бес Е 
___2,3-Dimethylbutene2 |2 п р 
- Os4Methylpentene2 — — (Р (000 
__trans-4-Methylpentene-2 | о ізо га cee 
„2-Метуретее? | 00000 
Other Dlefins 1.1 


_ Purity by freezing point, mol % | 


‘Freezingpoint,Fo | 73 о 
Boiling point, F 


Distillation range, F = ~ і 
Initial boiling | point E AN 106 
___ 10% Сопбелеа | т 
____50% Condensed OoOo 5. оа 
|. SükCodened || m — 
Dry point 114 
Specific gravity of liquid at 60/60 F = | 06582 — 
„осо аме — [| ова. 
АРІ gravity at6OF _ "EET: 83.5 | 
Density ofliquid at GO F,Ibs/gal — | ќа 
-Марот ргезвигеаї Т0Р,ріа | | — | — m2 — — 
22222222. 100Ғ, рвіа ЕВ T e or 
- СІЗ Е а р ы лымы N aea 


Refractive index, 20/0 D _ Ш 


Color, Saybolt - 
_ Acidity, distillation residue 


_ Nonvolatile matter, grams/100 mi 


Doctor test 


Flash point, approximate, F | 


Loo. M88 | | 
*30 
neutral O 
-..00005 | 
negative 


45 


* Literature values. 


Table 2.66: 4-Methylpentene-1 (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
3,3-Dimethylbutene- 1 
2,3-Dimethylbutane 
4-Methylpentene- 1 
3-Methylpentene-1 - 
2,3-Dimethylbutene-1- 
2,3-Dimethylbutene-2 
cis-4-Methylpentene-2 
trans-4- -Methyipentene-2 

2-Methyipentene-2 


Other Olefins 





Purity by freezing point, mol % те 
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Table 2.65: Mixed 2,3-Dimethylbutenes (4) 


FORMULA C Hia 
TECHNICAL 
PROPERTIES GRADE 


Composition, weight percent 


,S$0imehybuene! — 0 [| 0 08 
2,3-Dimethylbutane | | ше 


_ 4Methy!pentene-1 


3 Methylpentene- ] 


eu  23-Dimethylbutene-] - е А MER mm — 
2,3-Dimethylbutene-2 ya e НЕА DN 63 9 95. 2m min ^ 


cis Methylpentene-2 
trans-4- -Methylpentene-2 - pcnc уы 
e 2-Methyipentene-2 о 


Other Dlefins 


_ Purity by freezing point, mol % 
Freezing point, F 
Boiling point, F 


| Distillation range, F 





initial boiling point | ЕГЕ 
10% Condensed И Ізі a 
EN Iu дод оди ы — 
90% Condensed | — — МООИ 
Ory point 169 
‘Specific gravity. of liquid at60/60F i У 0.703 ана 
at 20/4 C Pd e аа aye, 
АРГ gravity at 60. Fo а и 69 8 чаи 
Density of f liquid at 60 F, Ibs/gal a5 ^  &85 n 
Vapor pressure at 70 F Ds I А e a 
100 F, psia аа Жана 
7 130 Е, реа | | fee ee te 
Refractive index, 20/0 — п У 
Color, Saybolt |^ — 3230 
Acidity, distillation residue neutral ^^ 
Nonvolatile matter, grams/100 m! — — | —  Q00f5 
Doctor test od 
Flash point, approximate, F 5 


*Literature values. 


CH, 


| 
сн, = сн-сн,-сн-сн, 


TECHNICAL 


RESEARCH PURE 
GRADE GRADE GRADE 





93.3 99.0 min 


























Freezing point, F _ —244.53* 
Boiling point, F | 128.96" ат 
Distillation range, F HA ЊЕ те 
Initial boiling point — m a = ЕРСІН bep 
WR Condensed —— 7 Te ан à 
5096 Condensed - 2502 
90% Condensed бена дена eer 
Dry point dis e 
Specific gravity of liquid at 60/60 F _ 0.6686“ _ 0.669 0.669 
81 20/4 С ______0.66370“ _ 0.664 0.664 


(continued) 


34 Industrial Solvents Handbook 


Table 2.66: (continued) 


PROPERTIES RESEARCH PURE 
GRADE GRADE 


AP! gravity at 60 F 
Density of liquid at 60 F, ibs/gal 
~ Vapor pressure at 70 F, psia 
100 F, psia 
130 F, psia 
_ Refractive index, 20/0 
Color, Saybolt и == 
Acidity, distillation residue  — 
~_ Nonvolatile matter, grams/100 ml 
Doctor test 
Flash point, approximate, F 





*Literature values. 


Table 2.67: cis-4-Methylpentene-2 (4) 


H H CH 


3 
FORMULA CH,-6 » C-CH-CH, 


RESEARCH PURE 


Composition, weight percent С СЕСЕ ЕЕС ЕЕЕЕ 


_ забтећубист |024 
__2,3-Штепуһшае _____ ао 
4-Methylpentene-] 0.06 | 




















~ 3-Methylpentene-1 Oo а 

.. 23-Dimethylbutenel — с M T A ait | 

^  24-Dimethylbutene-2 — eo а 

tis Methylpentene:2 0 598 

.. irans4-Methylpentene2 —— | ; 

2-Methylpentene2 — — и m 

7777 Other Olefins 

_Purity by freezing paint, mol % gant Р С | 
Freezing point, F иа ра о 

т войтам] 


_ Distillation range, F 
Initial boiling point 


109 Сопделео _______ 


____50% Condensed. 
90% Сопдепзед ___ 
Dry point 
Specific gravity of liquid at 60/60 F __ 
| 8204 € — 






API gravity at 60 F __ __ 
Density of liquid at 60 F, Ibs/gal 


Vapor pressure at 70 F, psia 
7 7100 Е, рїа Шық 
— 130 F, psia 
` Refractive index, 200 7 
Color,Saybolt о 
_ Acidity, distillation residue 9 
Nonvolatile matter, grams/TOO ml _ 


Doctor test ..... И | 
Flash point, approximate, F 4 


* Literature values. 





питати a A ети анна MÀ 









TECHNICAL 
GRADE 


80.0 


TECHNICAL 
GRADE 


97.1 
2.4 


0.3 
96.2 95.0 min 


д aaa aaa r ти 





Table 2.68: trans-4-Methylpentene-2 (4) 


FORMULA 


PROPERTIES 


... Composition, weight percent — — 
-... . ЧМетурептетлет — 
____cis-4-Methylpentene-2 ___ 
_____trans-4-Methylpentene-2 — 
.. . 2Methylpentene!| — — — 


Isoolefins 


_ Purity by freezing point, mol 6 | 
.. Freezingpoin,F — à — 











Boiling point, F 








Distillation range F č 
__ Initial boiling point 


Ж Dry point — . 








Specific gravity of liquid at 60/60F 
= at 20/4 C 
API gravity at 60 F _ 








... Density of liquid at 60 F, ТРА] 


Vapor pressure at. 70 F, psia 
100 F, psia 
130 F, psia 

Refractive index, 20/D 


Color, Saybolt 
Acidity, distillation residue 


---- — 


Nonvolatile matter, grams/ 100 ml. 











Flash point, approximate, F 


*Literature values, 


Table 2.69: Mixed 4-Methyl-2-Pentenes (4) 


FORMULA 


PROPERTIES 


. . Composition, weight percent —— — 


. o AMethypentene] 20 
. . 6154-Меупремепе? —— | 


trans-4-Methylpentene-2 
_ 2-Methylpentene- 1 | 

2-Methylpentene-2 

Isoolefins 





Purity by freezing point, mol 96 
Freezing point, F 
Boiling point, F 
Distillation range, F 
initial boiling point 
Dry point 
Specific gravity of liquid at 60/60F 
at 20/4 C 
APi gravity at 60 F 
Density of liquid at 60 F, Ibs/gal 
Vapor pressure at. 70 F , psia 
100 F, psia 
130 F, psia | 
Refractive index, 20/0 
Color, Saybolt ae 
Acidity, distillation residue 


Nonvolatile matter, grams/100 mi __ 


Flash point, approximate, F 





CH, 


| 
сн,-Сн ж сн-сн-сн, 


PURE 
GRADE 


TECHNICAL 
GRADE 


2.8 
76.2 
20.8 


76.5 


y | 99.0 тіп 


0.2 


0.673 


e 
со 


78.8 


1,388 


0.0005 


~ 
со 
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TECHNICAL 
GRADE 


12.8 
1.389 
+30 
neutral 


} 95.0 min — 
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Table 2.70: 2-Methylpentene-1 (4) 


FORMULA 


PROPERTIES 


ен 
сн,“ C—CH,-CH,-CH, 


PURE 
GRADE 


TECHNICAL 
GRADE 


__ Composition, weight percent — 


____ + Мећујремепе 1 


Isoolefins 


trans-4-Methylpentene-2 


_____2-Methylpentene-1_ 
—_2:-Methylpentene2 0 


. .. сіз4-Метһуіремеле-2 | 


Purity by freezing point, mol% | 


Freezing point, 02 


Boiling point, Є 


— Distillation range, F 004000 
. _ _ Initial boiling point 





Dry point 


Specific gravity of liquid at 60/60F 





API gravity ar60 F — 
ща Density of iquid at 60 


at 20/4 C 





Е, ibs/gal 


Vapor pressure at. 70 F,psia —— 


100 F, psia 
130F,psa | 


Refractive index, 20/D 
Color, Saybolt 





Acidity, distillation residue —— 0 
Nonvolatile matter, grams/ 100 ml 
Flash point, approximate, F 


* Literature values, 


Table 2.71: 2-Methylpentene-2 (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 84 
....*Methylpentenei — 
_., Cis4-Methylpentene-2 _____ 

_ trans-4-Methylpentene-2 
22-2. 2-Methylpentene-t 
______2-Methylpentene-2 





fsoolefins 


Purity by freezing 
g point, F 


Boiling point, F 
Distillation range, F 
. . . lnitial boiling point 
Dry point 


|. Specific gravi 


___ Refractive index, 20/0 
____ Сојог, Зауђон 


.  Acidity, distillation residue 





____Nonvolatiie matter, grams/100 ml 
Flash point, approximate, F 


*Literature values. 


RESEARCH 
GRADE 


99.90 





paint, mol % 


of liquid at 60/60F 
at 20/4 C 


С Арта о 
_ Density of liquid at 60 Е, Ibs/gal 


___ Vapor pressure at. 70 F, psia 
100 F, psia 


130 Е, рзіа — || 


0.10 


99.65 


0.685 
0.680 
75.4 


0.67987“ 


neutral 


CH, 


0.0005 


~ 
сп 
р» 


0.6 

0.5 

0.2 
95.8 95.0 тіп 





23 


99.0 min 


114 
1.392 
+30 
neutral 
0.0005 
-18 


сн,-с - сн-сн,-сн, 


PURE 
GRADE 


2.57“ 


1.40030“ 


+ 
De 
e e 5 cl 
e 
a 
сл 
e 
* 


0.0005 
-10 


TECHNICAL 
GRAOE 


«о 
ме га 
| | © 
со 
сл 
о 
3 
5 
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Table 2.72: Hexene-1 (4) 


FORMULA CH, = CH-CH, -CH „ен, -Сн, 
RESEARCH PURE TECHNICAL 
PROPERTIES GRADE GRADE GRADE 


Composition, weight percent 


Нехепе- | 
trans-Hexene- e2 e 
cis-Hexene-2 







| 0.1 


99.98 1868 __ 











Hexenes-3 2556 0.3 a 
Normal Hexane БАЙЕР 1.2 
Isoolefins m 1.6 
Нергепе-1 Е Е 
trans-Heptene-3 
cis-Heptene-3 ee 
trans-Heptene-2 о: 
cis-Heptene-2 
Purity by freezing point, mal % С 95.8 95.0 тіп 
Freezing point, Е Ee eee ed 
Boiting point, F син е 
Distillation range, F Е 
Initial boiling point жест 146.2 
Dry point 146.3 
Specific gravity of liquid at 60/60 F 0.677 


at 20/4 C 0. 67317“ | in 0.674 


715 
5.64 


[ 88 | 
а 3.0 


API gravity at 60 F 
Density of liquid at 60 F, Ibs/gal 
Vapor pressure at 70 F, psia 












100 F, psia 6.0 
Refractive index, 20/0 1 388 1.388 
Color, Saybolt +30 
Acidity, distillation residue neutral neutral 
Nonvolatile matter, grams/100 ml 0.0005 
- Flash point, approximate, F -15 


Literature values. 


Table 2.73: cis-Hexene-2 (4) Table 2.74: Mixed 2-Hexenes (4) 





















































H H 
FORMULA сн, -С = с-сн,-сн,-сн, FORMULA CH4-CH * CH-CH,-CH;-CH, 
TECHNICA 
RESEARCH PROPERTIES 
PROPERTIES GRADE - | GRADE 
"Composition, weight percent [| Composition, weight percent Е Е 
Нехепе-ї ee gs ee ОВ са бон чао даја __Hexene-1_ 5 0.3 
trans-Hexene-2 HORS 0.2 Mons Hexen: 341 I 0! тїп 
“Ән ткен 996 - cis-Hexene-2 "63.5! 
= Stat Ос ---- Hexenes-3 m E 
Norma Hexaan З = Normal Hexane 
^ A |soolefins ШЕ 0 Isoolefins e Ра 
Hepten-] — ^ ^ Heptene-1 е 
Неа trans-Heptene-3 _ u 
cis-Heptene-3 cis-Heptene-3 _ 
trans-Heptene-2 trans-Heptene-2 2 = 
cis-Heptene-2 = === cis-Heptene-2 
Purity by freezing point, moi % 99.28 Purity by freezing point, mol % 
.. Freezing point, F -222.04" Freezing point, F Senge =Е= 
, Boiling point, F = 156.00* Boiling point, F S 
Distillation range, F 0 i Distillation range, F oy oy oe ek, 
Initial boiting point Initial boiling point 155.0 
Dry point е Огу рони 455.1 — i 
Specific gravity of liquid at 60/60 F 2 0.6920“ Specific gravity of liquid at 60/60 F ^ 0686 
| at 20/4 C 0.587204 at 20/4 C 27%. 
API gravity at БОГ з API gravity at 60 F %8 |. 
Density of liquid at 50 F, Ibs/gal 5.760* Density of liquid at 60 F, Ibs/gal еп 
| Vapor pressure at 70 F, psia 2.4* ___Марог ргезште а! 70 Е, psia 24 s 
питат 100 F, psia 0 49" 100 F, psia 770040 
067 130F,psa | 9.1" 2 130 F, psia 2 
Refractive i index , 20/0 1.39761“ Refractive index, 20/0 1396 
Color, Saybolt ^ *30 Color, Saybolt ы 
Acidity, distillation residue Acidity, distillation residue neutral” neutral ти 
___ Nonvolatile matter, grams/100 mi Nonvolatile matter, grams/100 mi | 0.0  ] 0005 | 
Flash point, approximate, F Flash point, approximate, F -5 КЕБЕ та" 


*Literature values. 
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Table 2.75: Mixed 2- and 3-Hexenes (4) Table 2.76: Heptene-1 (4) 










































FORMULA СЕН FORMULA CH, * CH- (CH) ,- CH. 
PROPERTIES T PROPERTIES MEL 
, Composition, weight percent с а буш ты . Composition, weight percent. 
еее 0. 23 _ _ Нехепе-1 _ aes 5 
___мапНехепе2 | | 70! ase trans-Hexene-2 _ _ 
Sad __cis:Hexene-2_ аа 158 ( 95.0 min | , tis Hexene-2 RENNES 
Hexenes:3 — 5 _ ums ВО одот Нехепе3 пп ња = _ 
Normal Hexane [|  __ |. NomalHexane |... 
OCS анана лаана ае isoolefins а drei Scire cs 
Hepe 577 0] ____ нта... 
___transHeptene 3 |] 000. trans-Heptene-3 ШЕ со. 
cis-Heptene-3 эзш Senet ce ne eS cis-Heptene-3 EE MCN 
transHeptene-2 — — кора ра ло trans-Heptene-2 | 01 

222 сізНеріеле2 съ Heptene-2 
Purity by freezing point, mol% рф уу Purity by freezing point, mo! % 95.4 95.0 тип _ 

__ Freezing point, F LE ERI ле а она лаат одн Freezing point, F ______-1830 ______ 
Boiling point, E (1. M M A Boiling point, F iin eg gee ee 
 Distillationrange F — и ПР ats et, ator eae Distillation range, F us e a 

initial boiling point | | | | 1522 |  . -  [nitiaboilingpoint — НИВ ана бери 

____Огурот p 155.4 | Dry point æ 

-Specific gravity of liquid at 60/60 F | 065 _ Specific gravity of liquid at 60/60 F | 0.7032 

| LL MAMMA ET на 2204 C] — 06982. — 

. . API gravity at 60 pln МЕКЕ; жарт — APigravityat6OF Ff _ 700 ___ 
|. Density of liquid at 60 F, Ibs/gal | "52. —— Density of liquid at BO F, Ibs/gal 5.85 _ 
Wao pesue st 70F. pa as —. — Vapor presure at Ера | 09 _ 

100 F, psia — 5.2 0 LLL LL F.psa — 2.0 
130 F, psia ~ В 7 п ра 130 Е. реја нн а б 
Retractive index, 20/0 - 00 7 1396 — A Refractive index, 20D E D ed 14003 2” 
Color, Saybolt и З  ___ Ко ~ Color, Saybo | +0 
“Acidity, distiliation residue | meal  — — Acidity, distillation residue И neutral - PM 

—Wonvolatile matter, дату 100 ті | 00008 ___ __ Nonvolatile matter, даті Оті Р — —— — 
Flash point, approximate, F Age Сте — Flash point, approximate, F й 25 (0 56) 

Table 2.77: cis-Heptene-2 (4) 

FORMULA 1 PROPERTIES ы 


сн,-С = с «сн. 7 CH4 





















































Freezing point, F E 
TECHNICAL __ Boiling point, F 209.3 
PROPERTIES GRADE Distillation range, F Se ee __ 
Initial boiling point — — ОНКО ОН ко oe 
Composition, weight percent | 00002 Dry point | | oOo 
Нехепе-1 i Specific gravity of liquid at 60/60 F 0.717 B 
trans Hexene-2 ија она см at 20/4 C oe 
cis-Hexene-2 API gravity at 60 F МОН: ЛИНЕ НИ 
Hexenes3 —— — ТЕ — Density of liquid at 60 F, Ibs/gal MAS 
Могтаї Нехапе (00 eee eee ee, Vapor pressure at 70 F, psia s 
Iseolefins т este tee eee ги /.. 300F. psia В 
Heptene-1 ШЕ А 130F,psia _ mai 
ТЗТ Не DIE Refractive index, 20/D 1.406 
cis-Heptene-3 с й Color, Saybolt | 2 884 4 
trans-Heptene-2 40 || Ш ___ Acidity, distillation residue — — “neutral 00 
cis-Heptene-2 960 950 тіп Nonvolatile matter, grams/100 mi f 





Flash point, approximate, F 


Table 2.78: Mixed 2-Heptenes (4) 
































































































































FORMULA CH,—CH = CH-(CH,},-CH, 
PURE TECHNICAL 
Composition, weight percent 
Heptene-1 | Aio 0l 
trans-Heptene-3 |1 4 с 5 
Cis Heptene-3 _ й 
trans-Heptene-2 §2.1 
cis-Heptene-2 || 777745 0! 350 min 77 
244-Trimethylpentene-] — и | 
2,4,4- Trimethylpentene- Е. un 
2,3,3-Trimethylpentene-1 — — СЕС БЕ 
~~ |ѕоојейпз 22003 
Purity by freezing point, mai % з _ 
Freezing point, F 
~ Boiling point, р 
Distillation range, F _ 
Initial bailing point 208.6 
____10% Condensed č č E mu 
5096 Condensed " ОЕА 
90% Condensed к Е ее 
Dry point EL DAMEN 
Specific gravity of liquid at 60/60 F 0.709 _ 
| at 20/4 C еа 5 
AP] gravity at 50 F _ 68.0 
Density of liquid at 60 F, 165/да! _ 591 
Vapor pressure at 100 F, psia S й 
Refractive index, 20/0 1. 405 _ 
Color, Saybolt | +30 +30 
Acidity, distillation residue | ( “neutral neutral 
Nonvolatile matter, grams/100 ml 227 0,0005 0.0005 
Bromine number B 2. 
Kauri Butanol value — _ Е E 
Copper corrosion _ 
Doctor test С 255 | 
Flash point, approximate, F  — 28 mm 


Table 2.80: 2,4,4-Trimethylpentene- 1 


a -Diisobutylene 











(4) 
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Table 2.79: Mixed 3-Heptenes (4) 

































































FORMULA сн сн снеснлсн CH, 
TECHNICAL 
PROPERTIES GRADE 
Composition, weight percent 
со Нертепе-1 его ur 
Mans Нертепе-3 | 66.5 ај 
— — cis-Heptene-3 р ad е 29.3 | 35.0 min 
trans-Heptene-2 č < 05 | 
~cisHeptene2 — (| 1.7 ти 
____24,4-Титећуремел-) ___|___ m 
“24,4Trimethyipentene-2 | та лет 
— 133 Trimethyipentene- ^ И таи аа 
оо Тошева що С 
Purity by freezing point, mo^; р (0404 mE 
Freezing point,Fo — 
~ Boiling point, F а жағала ыы 
~ Distillation range, F — — 
~ Tnitial boiling point [| _ 2440 
поеми ро 
- B более 5 EMIT 
г. __ 90% Condensed TS ре 2745 
Огут point | _204.4 >: 
Specific gravity of liquid at 60/60 F ~ 0.705 mE 
= aw C |] — — 
API gravity at60F — |] 6922 
.. Density of liquid at 60 F, Ibs/gal 5.87 
Vapor pressure at 100 F, psia 
-Refractive index , 20/0 1.405 
Color, Saybolt - ии +30 
~ Acidity, distillation residue | - neutral 
—. Nonvolatile matter, grams/ 100 ml - 0.0005 
Bromine number -- 
Kauri Butanol value 
~ Copper corrosion 
Doctor test 
Flash point, approximate, F 21 


CH 


; 3 





























FORMULA сн,“ C-CH,-C-CH, 
3 
PROPERTIES RESEARCH PURE TECHNICAL 
GRADE GRAOE GRADE 
Composition, weight percent 
Heptene-1 NOE 25 
| trans Heptene-3 x 
cis-Heptene-3 3 
trans-Heptene-2 
еве? [ү — о 
2,4,4-Trimethylpentene- 1 : 98.7 
2,4,4-Trimethylpentene-2 0.1 
2,3, 3-Trimethylpentene-1 MS 
Isoolefins 0.53 1.2 
Purity by freezing point, mol % 99.58 99.0 99.0 min 97.6 95.0 min 
Freezing point, F -135.26" 


Boiling point, F 


(continued) 
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Table 2.80: (continued) 


RESEARCH 


PROPERTIES GRADE 





Distillation range, F 
Initial boiling point 
10% Condensed 


а 6 плин M M—M 


50% Condensed 


.  SükCodegmd | | (Р ./— .— — 
_ ушш о Е | 


бром S 
Specific gravity of liquid at 60/60 F 0.7194* 


at 20/4 С 0.7150° 


__API gravity at 60 F 
Density of liquid at 60 F, Ibs/gal - 
Vapor pressure at 100 F, psia 





_ Retractive index, 20/0 _ c 14086" | 


РИВЕ TECHNICAL 
GRADE GRAOE 

















~ Color, Зауђоћ _ E => 
___ Acidity, distillation residue 


___ Nonwolatile matter, grams/100 mi 


Bromine number 


Kauri Butanoi value 
Copper corrosion | 
Doctor test 


Flash point, approximate, F ` 











*Literature values. 


Table 2.81: 2,4,4-Trimethylpentene-2 (4) 


B - Diisobutylene 
































сн; сн; 
FORMULA парене 
сн, 
TECHNICAL 
PROPERTIES GRADE 
Composition, weight percent 
__Нергепе-1 ___ й 
trans-Heptene-3 "un" 
"  cisHeptene-3 
trans-Heptene-2 ЖИ 
cis-Heptene-2 
2,4,4-Trimethylpentene- t 1.9 
2,4,4-T rimethylpentene-2 97.1 
2,3,3-Trimethylpentene-1 
Isoolefins 1.0 
Purity by freezing point, mol * 95.1 95.0 min 
___ Freezing point, F 
~ Boiling point, F x Men 
Distillation range, F | 
Initial boiling point 219 
10% Condensed 
50% Condensed 
90% Condensed 
Ory point 230 
Specific gravity of liquid at 60/60 F 0.724 
E at 20/4 C 
— API gravity at 60 F 64.0 
Density of liquid at 60 F, ibs/gal 6.03 
Vapor pressure at 100 F, psia 1.5 
Refractive index, 20/D 1.416 
Color, Sayboit - +30 
Acidity, distillation residue neutral 
Nonvolatile matter, grams/100 mi 0.0005 
Bromine number = 
Kauri Butanol value |. 
Copper corrosion —_ 5 
 Doctortest - St ol 
— Flash point, approximate, F 35 (D 1310) 








п ан ed СЕВО оо село 
___0.719 .. 0720 e 
0.715 0.716 Ще 
65.3 " ЖЕН 650 | À Á .—. Бала 
СИ 5.99 
ера сс = 
2148 2 2222144. 
one dd сазива a ыы 
аша [| meo 05 
__ 000% | || | 0005 | hLÓ) 
7 « 20 (Est) « 20 (Est.) 


Table 2.82: Mixed Diisobutylenes (4) 





FORMULA Са! 16 
90% 
PROPERTIES GRADE 
_ Composition, weight percent 
| Meptnel — ER 
trans Heptene-3 
— A eis Heptene-3 
trans-Heptene-2 
cis-Heptene-2 
2,4,4-Trimethylpentene- 1 73.2 
2,4,4-Trimethylpentene-2 17.0 
2,3,3-Trimethyipentene-1 2.9 
ње 1. 6.9 


Purity by freezing point, mol % 
Freezing point, F 

|. Boiling point, F 

Distillation range, F 




















Initial boiling paint 216 200 min 
______ 10% Сопдепзед 217 
50% Condensed | 218 a 
9O% Condensed 220 
Dry point | 224 260 тах 
Specific gravity of liquid at 60/60 F 0.723 
2 at 204 C 
API gravity at 60 F 64.2 
| .. Density of liquid at 60 F, ibs/gai 6.02 
—— Vapor pressure 41100Ғ ма ” 2.0 
Refractive index, 20/0 
CaJor, Sayboit Po За +30 
___ Acidity, di distillation residue neutral 
Nonvolatile matter, , grams 100 то 0.0005 
__ Bromine number 140.3 130 тіп 
Kauri Butanolvaue — 38.3 
Copper corrosion 1 1 тах 
~~ Doctor test - ЕБ пер. пед. 
— Flash point, approximate, F 35 (Est.) 


Table 2.83: Octene-1 (4) 


FORMULA 
PROPERTIES 


Composition, weight percent — 
Octene-1 

___ trans-Octene-2 

____ со Остеле-2 
mixed-Octenes-3 
trans-Octene-4 _____ 
Nonene-1 

___Decene-1_ 
Isoolefins 


Purity by freezing poiht, mo! 96 
Freezing point, F 

Boiling point, F 

Distillation range, F 


Initial boiling point 


Dry point | 
Specific gravity of liquid at 60/60 F 


API gravity at 60 F 
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сн," сн-(сн,!,-СН, 


RESEARCH PURE 
GRADE GRADE 


TECHNICAL 
GRADE 








а Y" ROS ONG: T 
99.73 99,3 99.0 min 


1,5 
95.6 95.0 min 


puer оа ода 250.0 


0.7194“ 0.718 
0.71492“ 0.714 


— Density of liquid at 60 F, Ibs/gal | 
Vapor pressure at 70 F, psia 0.23“ А 0.2 0.2 

| = 100 F, psia 0.66“ 0.7 0.7 
Refractive index, 20/D 1.40870* | 1409 1 1.409 
Color, Saybolt *30 
Acidity, distillation residue б ] пеши — | neutral 
Nonvolatile matter, grams/ 100 ml 0.0005 0.0005 
Flash point, approximate, F 70 


*Literature values. 


Table 2.84: сів -Осіепе-2 (4) 


нн 
FORMULA сн,-© «с -сн сн, 
TECHNICAL 
PROPERTIES GRADE 
_ Composition, weight percent, пл 
__ Осепе-| |. __. bue 
, WansOctene2 — inr ; 
_cis-Octene-2 — Е 95.6 
_ пихед-Остепе:3 __ _____. 0,1 
WwangÜctened пл 0.1 
____Мопепе-]___________ __ 
„СВЕ... дано 
lsoolefins 0.6 
__ Purity by freezing point, mol % 95.0 95.0 min 
__Freezing point, F 
Boiling point F | 
_ Distillation range, F НЕ 
____ Initial boiling point 257 
ЕТ альбо 259 
__ Specific gravity of liquid at 60/60 F 0.728 
at € 
__API gravity at 60 F 62.4 
Density of liquid at 60 F, Ibs/gsl _ 6.07 
. Vapor pressure at. 70 F, psia 
о бра. 
«SOF, pia 
_ Refractive index, 20/0 1.414 
. Color, Saybolt 
Acidity, distillation residue neutral 
. Nonvolatile matter, grams/ 100 ml 0.0005 


Flash point, approximate, F 


Table 2.85: Mixed 2-Octenes (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 


Octene-1 

_ trans-Octene-2 
cis-Octene-2 
mixed-Octenes-3 
trans-Octene-4 
Nonene-1 
бесепе-1 
Isoolefins 


Purity by freezing point, mol % 
Freezing point, F 


Boiling point, F 

Distillation range, F 
Initial boiling point ) 
Огу роми 

Specific gravity of liquid at 60/60 F 


at 20/4 C 


API gravity at 60 Р 62.1 
Density of liquid at 60 F, Ibs/gal 6.08 


Vapor pressure at 70 Е, реа а 
100 F, psia ы 2222 
130 F, psia Rees 
Refractive index, 20/0 ____1414 ___| 
Color, Saybolt 


Acidity, distillation residue 
Nonvolatile matter, grams/ 100 ml 
Flash point, approximate, F 





CH,~CH - CH-ICH,1,-CH, 


PURE 
GRADE 


TECHNICAL 
GRADE 


514) 95.0 min 





—____18 . 


0.3 


257.5 
0.730 


62.3 
6.08 


1.414 
+30 
neutral 


70 
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Table 2.86: Mixed Octenes (4) Table 2.87: Nonene-1 (4) 















































Table 2.88: Decene-1 (4) 






































FORMULA CoH, FORMULA CH, = CH (СН) Сну FORMULA CH, ~ CH-{CH,},-CH, 
TECHNICAL TECHNICAL TECHNICAL 
PROPERTIES GRADE PROPERTIES GRADE PROPERTIES GRADE 
Composition, 1, weight percent | m Сотров поп, мемћ! регсем | Сотрози! ron, weight percent 5 = >, 
С Освяв1 (0 и __ 346 ___ Осеет 2 07_____ __Остепе-) ЕЕ он 
С папа Остепе? ПП. — 20.71 опти ans Octene-2 Put mot ЕДЕ __trans-Octene-2 = эшо ыр Б“ 
__cis-Octene- е? а 4234 — cis-Octene-2 t is Octene-2 en 
— mixed-Üctenes-2 - = f 23! |. miedOctenes3 Ц Mixed Octenes3 n ar 
 transOctene4 — Dee leet ad _ trans Qctene-4 ________ н шыбық _.transOctene-4 |  ( а= де. 
__Мопепе-] _______. ____ _________ -МопепеТ . | .... ____987 _______  . Noneel | ы ааа ИС юю 
Deene1 — —. | Оесепе. 1 и н .Decenel — — 98.9 
© |soolefins HILL ЈЕ Isoolefins AUR 1: ишо: киз юы = 
Purity by freezing point, mol% _ Purity by freezing point, mal % E 97,1 95.0 min Purity by fi € point, mol% — 96.0 95.0 min 
Freezing point, F | | | Freezingpoimt, F _ __—115.04 _ Freezing point, F 289.25 
Boiling point, F — č БЕ Boiling point, Е о  BolngpontF AJ. . d . 
Distillation range, f F HD Distiliation ran ча Р засаа E Distillation range, F {1 2 
^ Wmtialbolingpont | 2500 о Таа! Бото point а ОВА ла . intialbolingpont — ——  — 5 
а (Dry point. С 255.0 р Ory paint Le LA t 297 ___Огуром _____ 342 _ 
Specific gravity o of liquid a at 60/60 F 0.724 mE Specific gravity of liquid at 60/60 F . 0.7352 пп) Зресикс gravity of liquid at t 60/60 F Е 0.7452 
С at20/4 C 0720 ыы .....8t204 C] 05968 _ _ __а420/4 C 0.7408 
АР! gravity a at 160 F 2538820  API gravity at 60 F B __ 512 АРІ д API gravity at БОЕ Е (р. 59.70 _ 
Density of liquid at 60 Е, „Буда! 6.08 Density. of liquid at 60 F, Ibs/gal | 6.12 Density of liquid at 60. Е, Ibs/gai 6.16 
Vapor pressure at 70 F, psia а Vapor pressure at дЕра ___ Па ла е. Vapor pressure at 70 F .ряа | 
100 Е, рза 0.5 __ 100Е,рза __ Са aaron. 100 F, Ера | E 
D 230 F, psia би ____ _____________ 80 Бррва ___ ae «SOF, psia - 
Refractive index, „20/0 Í 1.412 Refractive index, 20/D 14161 Refractive index 20/0 14216 
Color, баубаң 7аа 7 Соог, Заубон +30 Color, Saybolt ^ 3230 | 
Acidity, distillation residue | M neutral — Acidity, distillation residue — neutral Acidity, distillation residue ЊЕ neutral 
Nonvolatile matter, grams/100 т! 0.0005 Nonvolatile matter, grams/100 ги 0.0005 Nonvolatile тапег, дгат5/ 100 т! UN 
Flash point, approximate, F 10 Flash point, approximate, F 115 (Est.) Flash point, approximate, F 120 (Est.) DOSE 
Table 2.89: Undecene-1 (4) Table 2.90: Dodecene-1 (4) 
FORMULA CH, = CH — Сн ~ CH, FORMULA CH, = CH — (CH,), - CH, 
PROPERTIES E PROPERTIES DES 
. Composition, weight percent | Мати а ту Composition, weight percent "m = 
пфесепе-1 ] _.. Undecene yd _________ 
——Dodecen-] 222 ..родесепе] 99.2 
_____Іпбесепе] č — ыы: "зм „Тидесепе- 1. __. = 
____Тејгадесепе- ] 2 ... letradecenel 2 0.1 
"entadecen . .Psntadecene-] .. 0. Қыс 
— .... Haxadecene-1 . ..Hexadecene-] .______ 0 
Isoolefins 1.0 Isoolefins 0.5 
Purity by freezing point, mol 95.7 95.0 min __Ригћу ђу freezing point, mol S | 954 95.0 min 
. Freezing point, F -58 . Freezingpoin РО | 00 - 33.3 
__Distillation range, Е Distillation range, Fo 020 
nitial boiling poin initial boili int nad 410 
Dry point .. .Dtmpoint _ 41€ 
засіб огауйу 0 Наша а: 60/60 0.755 ... Specific gravity of liquid at 60/60 ! __ 
и 26 Й 0.7518 aa 2/4 С. 0.7584 
API gravity at 60 F 56.0 AP gravity at 60 F — — — 54.10 
Density of liquid at 60 F, ibs/gal ______ 631 пзу ої іі F, | | 5.347 
__ Refractive index, 20/0 4266 __Refragtive index, 20/D_ | ||| 1430 . 
Color, Saybolt _ +30 ____ . Color Saybot — 2 _ +30. 
А idi ' isti E ion: psig де В __ Acidity, distillation residue _ i, ___- пештај : 
Flash point, approximate, F 150 Flash point, approximate, F 174 


Table 2.91: Tridecene-1 (4) 
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Table 2.92: Tetradecene-1 (4) 
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FORMULA сн, = Сн ~ (Сн,), у – Сн; FORMULA CH, = CH — ICH,),, - CH, 
TECHNICAL TECHNICAL 
PROPERTIES GRAOE PROPERTIES GRADE 
___Composition, weight percent 1:0 ___ а д .... Composition, weight percent —— не _ 
ndecene ... Undeene] .— __. 
... Dodeene-] — - Е. ..  Dodecene] |. — . о A. ___ 
. .TIrdeeni 997 __ _ Tridecene 1 0 ____[_____ 03 ____ 
____Тегадесепе- | __________ ЈУРИ О ВИНУ ____Теџадеселе-! _______ | 98 | 
____Раппадесепе-]___________ ___________-  ..4-Pgntadecene-] . ...... се ее 
_._Hexadecene-} __ 14. _ Hexadecene} ы. 
jsooletins 0.2 Isooletins 
___ Purity by freezing point, mol % 96.6 95.0 min | Purity by freezing point, mol% 95.5 850 тіп | 
__ Freezing point, Fo — — -1095 . _. Freezing point F__ | | 10b ___ 
Distillation range, F__ aope сис a aa eL . Distillationrange,F | |. . 0 
itial boili int p __4425 _____ ____ 4101021 boiling point == U | 
] Dry point 2 ЕЛ еле Dry point | 485 2 
ifi і iqui р ___ нм _ _.. Specific gravity of liquid I 0779 — 
ВМ. £ _____ 0.7662 ____ _________________ __ 26204 СЕ _____ 07722 ___ 
__APlgravityat6OF _______ 52,7 _APlgravityat60F и · 50.4 
ity of liqui руда — о а . Density of liquid st BO РЕ. даі | 648 
_ Refractive index, 20/0 1 14336  Á——. _. Refractive index, 20/0. . ____L4373 ____ 
Color, Saybolt __ Е ___ _..Color, Saybolt ________ .. *30 _ 
Acidity, distillation residue .. meutra | . . _ Acidity, distillation residue | — . neutral 
Flash point, approximate, F 175 Flash point, approximate, F 240 
Table 2.93: Butadiene-1,3 (4) 
FORMULA CH, = СН—СН = сн, 
RESEARCH SPECIAL RUBBER а 
PROPERTIES GRADE PURITY GRADE 


Composition, weight percent 


isobutylene ______002 __| ___ 065 || 0.1 
Butene i 092 | 090 | 0.2 
Butadiene-1,3 9995 | 9590 | 99.5 
trans-Butene-2 | on | 00 J| 0.1 
Purity by freezing point, то! % $9.4 99.0 min 
Freazing point, Р Сто“ | | 
Boiling point, F 24.0 2. 
Specific gravity of liquid at 60/60 Р | 0621277 | 90607 __ 0.627 
at 20/4 C | 0621 |  Á 30821 | 0.621 
API gravity at 60 F [p coe 9 а 942 
Density of liquid at 60 F, ibs/gal Е _— 5.22 
Vapor pressure at 70 F, psia | 356. | 35.6 
X E. psi poo ше. | МО 
130F, pria ү Во CE 
Specific gravity of real gas at 
Specific volume of real gas at ШИШ 
60 F and 14,7 psia, cu ft/ib ЖЕГЕ 
Flash point, approximate, F as со 
fammability limits, volume % in ar puc = 
Lower 06 a nt Ee 


*Literature values. 
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Table 2.94: Isoprene (4) 


cH, 


FORMULA "M 


RESEARCH | POLYMERIZATION 


Composition, weight percent. 


2-Methylbutene-1 01 и 
2-Methylbutadiene-1,3 998 — 
Pentene-2 — 0.1 
2-Methybutene-2 ~ trace 
trans-Pentadiene-1,3 | 
cis-Pentadiene- 1,3 
— Cyclopentene — 
—— Cycluoctadiene-1,5 
7C 4Vinyleyclehexenel —— 7 
~~ TMethyicyciohexene} — — mE - 
7 3-Метћуісусіоһехепе-1 | + 
4-Methylcyciohexane-1 
Unidentified | 
Purity hy freezing point, mol % 99.6 99.0 min 
Freezing point, F ae Bee 
Boiling point, F пи 
Distillation range, F EI WEIT 
initial boiling point | D 
10% Condensed г 
50% Condensed ех 
90% Condensed | i 
Dry point — А 
Specific gravity of liquid at 80/60 F | 0.6861 | 06600 
«204 с Р ово | ов - 
API gravity at 60 F 74.8 и 
Density of Liquid at 60 F, Ibs/gal вт | 5n 
Vapor pressure at 70 F, psia gage ^ ] 92 | 
100 F, psia Ы 1667 | | 97 
130 F, psia 28.23" | 282 | 
Refractive index, 20/D | — 142194* 7 1422 
Color, Saybolt ^7 430 — [| 30 
Acidity, distillation residue Й 
Nonvolatile matter, grams/ 100 ml реси 
Doctor test p нс ее почит 
Flash point, approximate, F S65 (Est) | 





* Literature values. 
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Table 2.96: Cyclopentene (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
Pentenes-2 
2-Methy!butene-2 
Cyclopentene 
2-Methylbutene- 1 
Pentene- T 
Cyclopentane 
Cyclohexene 
Cyclohexane 


Table 2.95: Piperylene (4) 


FORMULA сн, = сн-сн * CH- CH, 
90% 
PROPERTIES GRADE 


Composition, weight percent 
2-Methylbutene-1 — 
2.Methylbutadiene- 1,3 


Pentenes-2 | 0.1 
2-Methy butene-2 | 07 
trans-Pentadiene-1,3 57 .. 
cis-Pentadiene- 1,3 MY min** 
Cyclopentene | 7 82 
Cyclooctadiene- 1,5 | 
4-Vinylcyclohexene-1 
1-Methyicyclohexene-1- 
3-Methylcyclohexene-1 A 
4-Methylcyclohexane-1 
Unidentified 
Purity by freezing point, mai % 
Freezing point, F 
Boiling point, F 5 
Distillation range, F 
Initial boiling point 2277107 г 
10% Condensed ws _` 
50% Condensed одо 
909; Condensed 7 109 
Dry point — 7113 
Specific gravity of liquid at 60/60 F 7" 0890 | 
иг/4 С ъ 
API gravity at 60 F ТАВ ре 
Density of Liquid at 60 F, tbs/gal Р 515 
Vapor pressure at 70 F, psia зи 
100 F, psia 7310) 
130 F, psia s 
Refractive index, 20/D 
Color, Saybolt 
Acidity, distillation residue 
Nonvolatile matter, grams/ 100 ml B 
Doctor test S _ - 
Flash point, approximate, F 2277 200 (ёй) —— 


“Literature values. 
** Distribution of isomer content varies. ' 


сн, - сн, и 
„СИ 
CH = CH 
PURE TECHNICAL 

| 02 | 36 
| 02 | 02 
ae 1987 960 min 
________| 01 
0 
Й 
pee eng uu ee] 
pos er] 


(continued) 


Table 2.96: (continued) 






PROPERTIES 


Unidentified 
Benzene 
Toluene ee 
Ethyibenzene — 





RESEARCH 
GRADE 
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PURE TECHNICAL 
GRADE GRAOE 





Xylenes 


__ Purity by freezing point, mol% — 
_ Freezing point, Fo | 
__ Boiling point, Р 

_ Distillation range, E e з, 
С Initial boiling point qu 











-> Dry paint aG Tae 
Specitic gravity of liquid at 60/60 F | 07775“ | 
aes at 20/4 C — ~ 0.77199" 


APÍ gravity at 60F = ____ 
Density of liquid at 60 F, ibs/gat _ 


"^. Vapor pressure at 70 F, реа ро око 
LL AF psa — 
ЗО 
— Refractive index, 20/0 — 

Color, Saybolt cea: 

Acidity, distillation residue — — — 
— Nonvolatile matter, grams/100 ml — 
— Copper corrosion 

Doctor test 

Flash point, approximate, F 

Flammability timits, volume % in air 

Lower 





_ 99.5 99.0 min 
















Higher 
*Literature values. 





Cyclopentene and Cyclohexene are sometimes inhibited with 2,6-ditertiarybutyl-4-methylphenol which 


can be removed by distillation. 


Table 2.97: Cyclohexene (4) 


CH, — CH 
„ 2 ay 
FORMULA CH, 5 сн; 
"CH «СН 


RESEARCH PURE 
PROPERTIES GRADE 
Composition, weight percent 
Pentenes-2- 
2-Methylbutene-2 
Cyclopentene 
2-Methylbutene-1 
Pentene- 1 
Cyclopentane 
Cyclohexene 39.93 99.5 
Cyclohexane 0.2 
Unidentified й 0.3 
Benzene 
Toluene 
Ethyibenzene 
Xylenes 








Purity by freezing 994 99.0 min 


Freezing point, F 
Boiling point, F 


point, mol % 


PROPERTIES 


_ Distillation range, Р 
initial boiling point 
Dry point 


Specific gravity of liquid at 60/60 F - 
at 20/4 C 





API gravity at 60 F 

Density of liquid at 60 F, !bs/gal 

Vapor pressure at 70 F, psia 
100 F, psia 
130 F, psia 

Refractive index, 20/0 

Color, Saybolt 

Acidity, distillation residue — — 


Nonvolatile matter, grams/100 ml - 

Copper corrosion — 

Doctor test 

Fiash point, approximate, F 

Flammability limits, volume % in ais 
Lower 








—— Higher 


*Literature values, 


RESEARCH 
GRADE 





*30 


ІШ 


Cyclopentene and Cyclohexene are sometimes inhibited with 
2,6-ditertiarybutyl-4-methyipheno! which can be removed by distillation. 


PURE 
GRADE 


181 

182 
0816 | 
081 — 

419 
6.79 


3.1 


1.446 
*30 
neutral | 

0.0005 


— 
е 
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Table 2.98: 4-Vinylcyclohexene-1 (4) 


FORMULA 


PROPERTIES 
Composition, weight percent 
2. Methylbutene- 1 | 
E^ Methylbutadiene- 1 3 
 Pentenes-2 
2- Methybutene- 2 
trans-Pentadiene- 1,3 
cis: -Pentadiene- 1 3 
rdum 9 
' Cyclooctadiene-1,5 
4 Vinylcyclohexene-1- 
- T Methylcyclohexene-1- 
278 “Methy icy clohexene- A 
4 Methylcyclohexane- 1. 
Unidentified В: 


Purity by freezing point, mol % | 
“Freezing point, Е. 
| Boiling point, | 
Distillation range, F — 
— initial boiling p point 
T0% Condensed 


50% Condensed | 


7 I0% Condensed — 


Dry paint 


TECHNICAL 
GRADE 











15 
98.5 





262 











Specific gravity of liquid at 60/60 Е. 


а 20/4 С 

САРІ gravity at6OF — 
-Density of Liquid a at 60 F, Буда! 
| "Vapor pressure at. 70 F, psia 
(000007 TYUDF,psia | 
TSO, psia 

Refractive index, 20/0 _ 
"Colo, Saybot — 

~ Acidity, distillation residue 

“Nonvolatile matter, grams/100 mi - 

Doctor tet | 
^ Flash point, approximate, F — 


*Literature values. 


Table 2.99: Mixed Methylcyclohexenes (4) 


FORMULA С, 
TECHNICAL 
PROPERTIES GRAOE 


Composition, weight percent 

















7 7.МефуБиепе 


2-Methylbutadiene- 1 3 





— Penenes2 O 


^ 2-Methybutene-2 0 


trans-Pentadiene- 1 3 


—  eis-Pentadiene-1,3 
Cyclopentene - 
- Cyclooctadiene-1,5 


774 а 1 





T-Methyleyclohexene T 04 
3.Methylcyclohexene-T — 2 45.5? 95.0 min 
4-Methylcyclohexane-1 525 

~~ Unidentified | 04 i 1.6 


Purity b by freezing point, то! * 
Freezing point, Fo 5 55 
Boiling point, F о 


Distillation range, F 


nitial boiling pomt | 215 





97.0 95.0 min 


— = 





1.464 
+30 
neutral 

0.0005 


70 


PROPERTIES 


10% Condensed 
77054 бота: 
~~ Q$O% Condensed | = 
~ Dry point 
~ Specific gravity of liquid at 60/60 
at 20/4 C 
"API gravity at 60 F 
- Density of Liquid at 60 F, ЕР 
Vapor pressure at TOF, psia 
NRI М D0 F, psia 
ЈР, раа 
Refractive index, 20/0 | 14-40 
Color, Saybolt 
~ Acidity, distillation residue - 
Vonvolatile matter, grams/100 m 
Дрва = 
Flash point, approximate, F  _ 


TECHNICAL 
GRADE 
218 


222 


. 1.4431 
*30 
neutral 


negative 
30 
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Table 2.100: Cyclooctadiene-1,5 (4) 
















женеен TECHNICAL 
— сн; cH, PROPERTIES GRADE 
52 А Distillation range, F 
e ^ imtalbolingpoii BE 
PURE TECHNICAL ___ 0% Condensed — ^ | &— 
227 90% Солдбпей .— 5 | го 
ТА — Drypeint ©. 304 
и рана “Specific gravity of liquid at 60/60 F _ 0.886 
__2:Methylbutene-1 —— даа 00000007 7777w204 6|. » 0.883 
2-Methylbutadiene- 1,3 cee ~ API gravity at 60 F б А 282 5% 
е us на — Density af Liquid at 60 F, Ibs/gel - 38 — 
d " Vaporpressureat ТОЕ ри ^^ | 
Ее trans Pentadiene- 1,3 —— ^ —qOF nda 7 E 
сізРе афепе-1,3 шаа сыла га E | а 
с Сусоремепе = гинар T 
да а "V—À— PERS Refractive index, 20/D 
св о. __ 96.4 95.0 та - Color, Френ и | mr 
MM бо одо 22-226. ~ Acidity, distillation residue ~ 
-a gee е. | н -Rünvolatile matter, grams/TOU mi 
m odes 3-Methyicyciohexene- ) ee . € . d —Doctortett | > +” т 7 g 
4-Methylcyciohexane- 1 о 5 ее: А 
‘Unidentified ~~ fe ieee - ——- Flash point, approximate, F | 96 
Purity by freezing point, mol % 99.5 99.0 min a * Literature values, 


~ Freezing point, F 
„Boiling point, F — ^ — 


өз — 


i 


AROMATICS 


Table 2.101: Benzene (4) 


LR В Б Чан з, 





„сн-сн, 
FORMULA CH CH PROPERTIES 
`сн • сн“ 


RESEARCH 
















RESEAREH SURE Acidity, distillation residue 
PROPERTIES _ Nonwolatile matter, grams/ 100 mi 
GRADE GRADE Copper corrosion — 


_Doctor test . 

_ Flash point, approximate, F 

Flammability limits, volume % in air | 

— (€ Lowe | | ЦЕ 


Higher 


Composition, weight percent — — 
Pentenes-2 





Cyclopentene У 
——_2Methylbutenet .. .. . 


.  Pentene-! 
Cyclopentane 
Cyclohexene ко 
Cyclohexane 
Unidentified 
Benzene 99.99 99.8 
Toluene 0.1 
Ethylbenzene 0.1 
Xylenes 


| 
| 





| 


“Literature values. 


| 
| 


ld И 


Purity by freezing point, mol % 99.90 99.7 99.0 min 
Freezing point, F 
Boiling point, F 176,18" 


Distillation range, F 
Initial boiling point 
Dry point 
— Specific gravity of liquid at 60/60 F | 0,8845“ 0.884 
_ at 20/4 C 0.87901“ 0.879 
API gravity at 60 F таа. 
__ Density of liquid at 60 F, Ibs/gal 
Vapor pressure at 70 Ё, ра 
100 F, psia 
130 F, psia 


~ Refractive index, 20/0 1.50112" 1.501 
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Table 2.102: Toluene (4) 



























































,CH - CH. RESEARCH PURE 
FORMULA cH есен а GRADE GRADE 
CH * CH ————————Á—— eee] 
Specific gravity of liquid at 60/600F | 4 08719" Ff 0872 Ҙ 
RESEARCH PURE "204 С. 7 0.86696" 086. . 
PROPERTIES GRADE “APL gravity at 0 F 2 308 
Density of tiquid at 60 F, lbs/gal ~ 7.26 
__Composition, weight percent | : spins „Napor pressure at 70 F, psia 04... 
2” тінін? аа он - — -00 F, psa «Ло 
_2Mathyibutene2 | 004 3 130 F, psia 22. 
Cyclopentene Refractive index, 2/0 —  — À — 149. 
____ 2 Метћуђшеле] ___ : Color Sayboit — 430 
Pentene- n Acidity, distillation residue - . neutral 
E " Cyclopentane. e E E  Nonvolatile matter, grams/ 100 mi! Е _ 0.0005 
____Cyclohexene 002 колові Copper corrosion A 
Сусјоћехапе | злс Оостог тези сазда дз. ына. 
___ Unidentified 00 lee Flash point, approximate, Е 40 (0 56) | 
 Beuee — — — — Т __.0.1_ Flammability limits, volume % i in air 
Toluene — 020 _99.8 _ Lower 1.2°212F E 
___ Ethylbenzene | _ Ве Higher - 27482120 
Xylenes 0.1 ым 
* Literature values. 
__ Purity by freezing point, mol% 99.7 99.0 min 
_ Freezing point, F SS _ 
__Boiling point, Е. 647 зброї есі 
Distillationrange F— _ Еа ес 
.. . initial boiling point - sad е а 212. 
бү өн — ....... pucr Ml ro. 
Table 2.103: Ethylbenzene (4) 
с Е єн, - сн, 
FORMULA Ed T 
CH CH 
хе CH е” 
RESEARCH TECHNICAL 
PROPERTIES GRADE GRADE 
Composition, weight percent V | 7 
Веле... | 00 |. _ 0.6 
-Toluene ____ __ ___. |__ ___901 _____ - thes te OG: 
Ethylbenzene | 9% | — 395 99.0 : 
pareXylene |. . Ја de Е | 
meta Xylene Li ұла te, 
ortho-Xylene i i 
Purity by freezing point, moi% | 99.92 ____ __. 98.5 950min &— 
Freezing point, F |)  -13896* — | недо NO 
Boiling poit F | 214“ —— я 
Distillation range, F O а раа воас задано ма 
____. Initial boiling point — — M uude uere ees 27. м 
. . Dry point Ri adr ао п дебати Со 
Specific gravity of liquid at 60/60 F | _ 0.877" ___ 0872 _ 
__________м2046 0.86702° аза ОВВЕ с. эсс 
API gravity at 60 F М E .308 — aus 
Density of liquid at 60 F, Ibs/ga | Р 004 22221265 i 
. Vapor pressure at 1 100 F. Ера р 03“ ____04 _____ 
МОНА 1301 Ера 0.84" | 08 _____ 
Refractiveindex,20/D — — — — 1.49588* 1.496 
. Color Saybolt — euer 90 :30 —— 52% 
_ _ Acidity, distillation re: residue ааа з, __пешга — - 
_ Nonvolatile matter, gramy 100 m 0.0000 — 
Acid wash color |] T И 
Cole на Ba Are. 
Doctor test | КЫРЕ dg 








.—. Flash point nt, approximate, | Е Z 59 (0 1319) 


Flammability limits, volume % in air 


i Higher E алла M. АНЕ 67% 


*L iterature values. 
Ethylbenzene is sometimes stablized with 2,6-ditertiarybutyl-4-methylphenol which can be removed by distillation. 








Table 2.104: p-Xylene (4) 


сн, 
с 
сн” Тен 
FORMULA 1 н 
сн, ç -CH 
, 
CH, 


PROPERTIES 


_ _ Composition, weight percent | 

вее... 

[olene —— — 
, Ethylbenzene 


___рмеХувге ____ [ 
.. mete-Xylene 


ortho-X ylene 


Purity by freezing point, mi% р —— 
2. Freezing point, F 


__ Войт point F ___ __ 281.03 ___ 
„Distillation РК |... 
_____Initial baiting point AOS 


___ Огурат '_ ______.____ 
... Specific gravity of liquid at 60/60 F f — 
at 20/4 C 


— APL gravity at 60F — 5 1]. 
Density of liquid at 60 F, Ibs/gal_ 


Vapor pressure at 100 F, psia | | | 034 
130 F, psa — 


о ти a aar a 


я 0.77“ 
Refractive index, 20/0 . 


xcd зо са 
1.496 


„со 149582 — 















99.5 99.0 min 


Hydrocarbon Solvents 49 


TECHNICAL 
GRADE 


Oe за од ання лм а 











___„Сођог, Заубок ________ | |. +0 020 __ +30 +30 
__Acidity, distillation residue — иа ре neutral neutral 
... Nonvolatile matter, grams/100 ml. us iecur 0.0005 0.0005 
__Acidwashcolor — — — — ] _______ rcd Е 1 
Color а а а ОРЕ: Pass 
_ боени... а Ж 
__._—Flash point, approximate, F | Р | шал e ВИ оо. 81 
___ Flammability птиз чочтењатј — — — — — — 
Gu нши и о ео ее. _ 
Higher 5.5" 
*Literature values. 
Table 2.105: m-Xylene (4) | 
єн, 
сн? x "CH 
FORMULA | " 
CH. „с -снз 
сн 
RESEARCH PURE TECHNICAL 
___Composition, weight percent | а сти 
Вепгепе [e ct uM oe et 
____ Toluene _ ake -- --- fp 
_____Етћуђепгепе а ал пъ И 0.1 
para-Xylene „и [уу ——— 0.4 
____ meta-Xylene 99.99 99.2 
___ Purity by freezing point, mol % | — 99 ___| аа 900 | 98.2 95.0 min 
РОМ В Бе oe 
Boiling point, F | — 28239* O | __ 
Distillation range, F Е ЕЕ ee care aed 
777 hitiel boiling point Пако а а Де ра ate а Юй 
Dry point puc ee LU eT она 
Specific gravity of liquid at 60/60 F 0.869 
at 20/4 C 0.864 
API gravity at 60 F D tu niri ca dore гш 313 


(continued) 
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Table 2.105: (continued) 








RESEARCH PURE TECHNICAL 
PROPERTIES GRADE GRADE GRADE 

_Density of liquid at 60 F, Ibs/gal_ | 7,24 
__Vapor pressure at 100 F, psia — — 0.33" 0.3 

_ 130Е ра ||| Ew: ED 0.7 07 

__Refractiveindex, 20/0 ___ 1.49722“ ез е 497 4 497 

Color ВОИ ________ дата А ae 
С Астдпу, distillation residue = 


— Nonvlatie mater, gam НК 100 — m 0005 0.0005 
Color _ | 


Doctor test ___________ agative 
“Flash point, approximate, Fo — 84 
_ Flammabitity limits, volume % in air == 
Lower PD 


~~ Higher 








*L iterature values. 


Table 2.106: o-Xylene (4) Table 2.107: Cumene (4) 


FORMULA сн см 


RESEARCH PURE TECHNICAL 
оа GRADE 2 GRADE 


Composition, weight percent 


FORMULA 


PROPERTIES 


Composition, weight percent 


er -- ---- --- —————M — ———À € 




















meta-Xylene EE meta Xylene — аа 
— ertho-Xylene — __ortho-Xylene — 
Ethylbenzene 1] (| - _ Есһуібепгепе ——  — 
- Ísopropyibenzene 7 — Mopropylibenzene 
Normal Propyibenzene | — A Normal Propylbenzene — 
^ Methylethylbenzenes | ____Methylethylbenzenes | 0 
12,4 Trimethylbenzene Т $12,*Trimethylbenzene 
—1,3,5-Trimethylbenzene 1,3,5-Trimethylbenzene 











123 “Trimethylbenzene —— 12 3Trimethylbenzene 


Purity by freezing point, m mol % Purity by freezing point, mol % 







































Freezing poit, F 0 Freezingpoint F — 
Boiling point, F 7 Boiling point, F c 
Distillation range, Fo Distillation range, F 
~~ Jnitial boiting point .. initial boiling point uM 
був... ce PY DOU Ооо 
Specific gravity of liquid at 60/60 F - Specific gravity of liquid et 60/60 F f 0.8663" | 
7 at 20/4 T i at 204 086179" 
API gravity at 60 F API gravity at 60 F | 








Density of liquid at 80 Е, Тува! | 


у Density of liquid at 60 F, буда! _ 
Vapor pressure at at 100 F, psia 


Vapor pressure at 1 100 Е, psia 









































СЕ ра i . СВОЕ NN 
"Refractiveindex, 20/0 | 1504“ —— 905 0 - Refractive index, 24/0” 
Color, Saybolt |] 33 — | 9*9 "ColoSaybot — | 
Acidity, distillation residue — | neutral ____  Acidity distillation residue |  — 
_Nonvolatile matter, grama/100 mi _ px 0.000 - Nonvoletile matter, grams/100 m 
‘Flash point, approximate, FT | 80:59: Flashpoint, approximate, F | 
Flammability limits, volume% inair (0 = Flammability limits, volume W in air 
нез)  — — | ПЕС ЗИ М 
Higher Lll EL CEN 
* Literature values. * Literature values. 


Isopropylbenzens and 1,2,4-Trimethylibenzene are sometimes stabilized 
with 2 6-ditertiary butyl-4-methylphenol which cen be removed by distillation. 


Table 2.108: n-Propylbenzene (4) 


FORMULA CH CH 


TECHNICAL 


PROPERTIES 
GRADE 


Composition, weight percent 
meta-Xylene ЕЕС 
ortho-Xylene 

__Ethylbenzene ——&—5 — — са 
Isopropylbenzene B 1.5 

—  NormalPropylbenzene — 56.6 95.0 min 
Methylethylbenzenes 

—— 12,4Trimethylbenzene 
135-Trimethylbenzene | 








Purity by freezing point, mol * 
Freezing point, F га 
-Boiling point, F ts 
Distillation range, F | 
Initial boiling point 315 
- Dry point ^ о 
08668 
at 2l 0.8621 
API gravity at 60 F o Ç 3U 
Density of liquid at 60 F, Ibs/gal 7.22 
Vapor pressure at 100 F, psia 
130 F, psia — a ТОТ 
Refractive index, 20/D 1.4915 
Color, Saybolt *30 
Acidity, distillation residue 
onvolatile matter, grams/ 100 ml 0.0005 
Flash point, approximate, Ni 114 
Flammability limits, volume * in air 


Lower 
Higher 














Table 2.110: n-Butylbenzene (4) 


FDRMULA 


PROPERTIES 


Composition, weight percent 
secondary-Butylbenzene 
normal-Butylbenzene 
1-Phenyibutene-2 
other Alkylbenzenes 
other Phenylbutenes 
secondary-A mylbenzene 
3-Phenylpentane | 
2-Phenyl-2-methyibutans 
Light Amylbenzenes 
Alkylbenzenes 
secondary-Buty! Chloride 
Butenes 


Purity by freezing point, mol % 
Freezing point, F 
Boiling point, F 
Distillation range, F 
Initial bowing point 
10% Condensed 
50% Condensed 
90% Condensed 
Dry point 
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Table 2.109: Pseudocumene (4) 


Ya 
CH" Ус 


’ 
CH 


CH, 


FORMULA c 
с 


cH, 
PROPERTIES RESEARCH PURE TECHNICAL 
GRADE GRADE GRAOE 











NormalPropylbenzene | 
Methylethyibenzenes 
1,2,4-Trimethylbenzene 

© 13 5Trimethylbenzene. 

—— 1,2,3-Trimethylbenzene - 














. Dmypont —  "  —. 
Specific gravity of liquid at 60/60 F 
at 20/4 C 

API gravity at 60 Р 


Vapor pressure at 100 F, psia 
130F,psa — 
Refractive index, 20/D 
Color, Sayboit mM 
Acidity, distillation residue 
Nonvolatile matter, grams/100 mi | 
Flash point, approximate, F | 
Flammability limits, volume % in аг 
Lower 
Higher 
Literature values. 
isopropylbenzene and 1,2,4-Trimethy!benzene are sometimes stabilized with 2,6-ditertiary 
butyl-4-mathylpheno! which can be removed by distillation. 





сн, - сн, - сн, - сн, 
сн" С^сн 
і i 
сн. сн 
сн 
RESEARCH PURE TECHNICAL 
GRADE GRADE GRADE 
| —998 | 994 95.6 95.0 min 
| 1]. 1l eos 
| 02 | 04 k| 
piu a l 
Ген ПО сна сеа й 
о ть 
eee Bee 
был о eel 
рат МОИ 
ети 
| 990 (| 99.2 99.0 min 
| -2635* | | 
36 1.89* Жакен 
Бре деца којшто ат 
ене eod 
Pree eee И 
e исти Кыс ш 
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Table 2.110: (continued) 


PROPERTIES 


Specific gravity of liquid at 60/60 F 
820/4 С | 

___АРџму API gravity at 60 F _ 

__ Density of liquid at 60 F, Њу gal. 

Refractive index, 20/D 

Color, Saybolt | 

___ Acidity, distillation residue 





_Nonvolatile matter, grams/100 mt А | 


Color Alpha = О 
Flash ash point, appr roximate, F „Е = 


B Lower 
Higher 








“Literature values. 


 Flammability limits, volu volume Хи: in air B 


RESEARCH PURE TECHNICAL 
GRADE GRADE GRADE 
0.8646* 0865 | 0.865 

_0,860 | 0860 | 
32.1 32.1 
7.20 2221.20 
1.490 1490 — — 
E = 
neutral neutral 
110 [ 160 ЫК 
| ылы =т= == 
| 08 | | 


Normal Butylbenzene is sometimes stabilized with tertiary-butyicatechol (TBC) which can be removed 


by distillation. 


Table 2.111: Isobutylbenzene (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
Toluene 
Isopropylbenzene 
tertiary-Butylbenzene 
Isobutylbenzene 
secondary-Butylbenzene 


RESEARCH 





normal-Butylbenzene с 90 лас 02 оо 


Water, ppm, weight 


Purity by freezing point, mol 96 


|в -- 
у 80 99.3 99.0 min 





Freezing point, F | -60.66 | 66“ 
Boiling point, F 
Distillation range, F 

Initial boiling point 

Dry point 
Specific gravity of liquid at 60/60 F 0.8576* 

at 20/4 C 0.85321* 

API gravity at 60 F 
Density of liquid at 60 F, Ibs/gal 
Vapor pressure at 130 F, psia 0.21 
Refractive index, 20/D 1.48646* : 
Color, Saybolt *30 *30 


Acidity, distillation residue 
Nonvolatile matter, grams/100 ml 
Aniline point, F 

Bromine number 

Flash point, approximate, F 


*Litersture values. 


TECHNICAL 
GRADE 


99.1 


0.4 
<100 


98.5 95.0 min 


337 — 


0.858 
0.853 
33.4 
7.14 
0.2 
1.486 
+30 
neutral 


140 


Table 2.112: sec-Butylbenzene (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
Tatuene 
Isopropylbenzene 
tertiary-Butylbenzene 
Isobutylbenzene 
secondary-Butylbenzene 

_ normeal-Butylbenzene 
Water, ppm, weight 


Purity by freezing point, mol * 


Freezing point, F 


Boiling point, F 

Initial boiling point 

Dry point 
Specific gravity of liquid at 60/60 F 

at 20/4 C 

API gravity at 60 F 
Density of liquid at 60 F, Ibs/gat 
Vapor pressure at 130 F, psia 
Refractive index, 20/D 
Color, Saybolt 
Acidity, distillation residue 
Nonvoiatile matter, grams/100 mi 


Aniline point, F 


Bromine number 
Flash point, approximate, F 


*Literatura values. 


CH, т CH - сн, = CH, 


сн*б- сн 


і и 
сн „сн 
“сн 
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TECHNICAL 
GRADE 


neutral 
0.0005 


126 


Secondary-Butylbenzene is sometimes stablized with tertiary-butyicatechol (TBC) which can be removed by distillation. 


Table 2.113: tert-Butylbenzene (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 
Toluene 
isopropylbenzene 
tertiary-Butylbenzene 
Isobutylbenzene 
secondary-Butyibenzene 
normal-Butylbenzene 
Water, ppm, weight 


Purity by freezing point, mo} % 
Freezing point, F 
Boiling point, F 
Distillation range, F 

Initial boiling point 

Dry point 
Specific gravity of liquid at 60/60 F 

at 20/4 C 

API gravity at 60 F 
Density of liquid at 60 F, Ibs/gal 
Vapor pressure at 130 F, psia 
Refractive index, 20/0 
Color, Saybolt 
Acidity, distillation residue 
Nonvolatile matter, grams/ 100 ml 
Aniline point, F 
Bromine number 
Flash point, approximate, F 


“Literature values. 


RESEARCH 
GRADE 


99.99 


wW 
со 
со 


99.82 994 99.0 min 


-72.13“ нет 525222 2224 
| | 3364" | O 
E ut Se 52422 22. 
ен р OO кос 
ея еј 
0.8710“ 0.871 
0.86650“ 0.866 
аа ee eee 
| __ ар Б 
pror ЗРО сі З 02: н 
149266“ | 1493 | 
ЕС 
а ан 0.0005 
ет 
бз сз»... ур вет Со 


TECHNICAL 
GRADE 


0.5 
$8.2 


1.1 
0.2 


97.0 95.0 min 


331 

336 
0.871 
0.866 

31.0 

7.25 
0.2 
1.493 

+30 

neutral 
0.0005 


140 
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Table 2.114: 1-Phenylbutene-2 (4) 


CH, — CH * CH - ен, 























FORMULA сн” Стен 
CH сн 
“сн 
TECHNICAL 
PROPERTIES GRADE 
Composition, weight percent еле E 
secondary-Butylbenzene 
normal-Butylbenzene 
1-Phenylbutene-2 96.4 950 тіп | .— 
other Aiky!benzenes =. 
other Phenyibutenes ______3.6 
зесопдагу- Ату ђепхепе 
3-Phenylpentane 
2-Pheny!-2-methyibutane Т 
Light Amylbenzenes Ко 
= Alkylbenzenes NM. 
secondary-Buty! Chloride 
Butenes Е 
Purity by freezing point, mol % E 
Freezing point, F 
Boiling point, F а 
Distillation range, F te 
Initial boiling point 360 
10% Condensed - 
50% Condensed eal te a nes 
90% Condensed EP 
Üry point 367 
Specific gravity of liquid at 60/60 F 0.888 ___ 
а1 20/4 2 
API gravity at 60 F 27.8 == 
Density of liquid at 60 F, Ibs/gal 7140 | __ 
Refractive index, 20/0 1.511 Жей 
Color, Saybolt +30 EM 
Acidity, distillation residue ,  meutral EE 
Nonvolatile matter, grams/ 100 mi 00005  — 


Color Alpha DA 
Fiash point, approximate, F 160 


Flammability limits, volume % in air 
Lower 
Higher 
*Literature values. 
1-Phenylbutene-2 is sometimes stabilized with tertiary-butylcatecho! 
(TBC) which can be removed by distillation, 





Table 2.116: Mixed Amylbenzenes (4) 





Table 2.115: sec-Amylbenzene (4) 


FORMULA 


PROPERTIES 


Composition, weight percent 





. . secondary Butylbenzene — 
__погта!-Витуђепгеле _____ 


1-Phenylbutene2 | 


| other Alkylbenzenes 
______оћег Рћепућђитепез ____ 


secondary-Amyibenzene AU LUE 99.5 99.0 min 
0.1 


3-Phenylpentane 





сн, - CH - сн, = 


C .. 
н“ Тен 


с 











2-Phenyl-2-methylbutane 0 
Light Amylbenzenes 0 


Alkylbenzenes 





secondary-Butyl Chloride НИ 


Витепез 


сн, - сн, 


TECHNICAL 
GRADE 


973 95.0 min 








__  Purity by freezing point, mol * AA 


Freezing point, F 

















Boiling point, F |] 3794" Ч 
Distillation range, FO  — — “ы Жоо hh я _ 
Initial boiling point mT 30 . 
10% Condensed ВНИИ ОИ а 
50% Condensed Уз a г, а 
90% Condensed 0 "n HOMME 2 
о бмв _ _ )/  —. 5 |. 8 _ 
____ Specific gravity of liquid at 60/60F | 080% | | 0863 | 
at 204 Р 08585 | ..0858 
. . APigravity at BOF | ed sol 5 _ E 
Density of liquid at 60 F, ibs/gal LS 118. а 
....Refractiveindex 20/D — 2 __ 1.4876* | М8 ___ 
__ Color, Saybolt | (0 О рае 
Acidity, distillation residue ——  — „ека | пеш ___ 
___Nonvolatile matter, угат/100 с А 
__ Color Alpha — A Е _ Ми 
. . Flash point, approximate, Б | 155 155 Е 


Lower _ 
Higher 


"Literature values. 


Flammability limits, volume % in air 


Distillation range, F 
























































Initial boiling point 390 
10% Condensed 3704. ОВА 
50% Сопдепзед | 315 И 
90% Condensed 372.0 и 
Dry point 372.4 т 
Specific gravity of liquid at 60/60F | о NEUE 
at 20/4 C 9.854 
API gravity at 60 F | PRUNUS 
Density of liquid at 60 F, Буда! | СТЕЊЕ. 
Refractive index, 20/0 о 90 — 
Color, Saybolt 330 2 ЕЕ 






Acidity, distillation residue 
Nonvolatile matter, gram/100 ml. — 
Color Alpha 









СаН 1 
FORMULA сн” Уен 
CH CH 
“сн” 
PURE 
PROPERTIES GRADE 
Composition, weight percent |р] М 
secondery-Butylbenzene 7 
normal-Butyibenzena 
1-Phenyibutene-2 
other Alkyibenzenes 
other Phenylbutenes 
secondary-Amyibenzene 38.8 
3-Phenylpentans 39.2 ? 99.0 min 
2-Pheny!-2-methylbutane 21.7 
Light Amylbenzenes 9.2 
Alkylbenzenes 0.1 


secondary-Buty! Chioride 
Butenes 


Flash point, approximate, F 


Flammability limits, volume % in air 


Lower 
Higher 


*Literature values, 
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Table 2.117: DIPENTENE No. 122 Terpene Solvent (28) 


DIPENTENE NO. 122? a terpene solvent with a pleasant terpene odor obtained by fractionation of 
oils extracted from pinewood, meets the Federal specification for commercial dipentene. It can be used 
as a component in solvent systems for oleoresin-based coatings, and as an antiskinning agent. Other 
uses include the production of dipping finishes and various chemical specialties. 


General Sales Specifications 


Hercules Tes bathods asc evnllshla on vequeet 


Color, Hazen (APHA)", max 0.5 
Specific gravity at 15.6/15.6°C 0.845-0.865 
Refractive index at 20°C 1.472-1.477 


ASTM Distillation, С Ist cc - 95% 
{a)American Public Health Association 


168 min - 188 max 


Typical Properties 
Specific gravity at 15.6/15.6°C 0.853 
Refractive index at 20°C 1.475 
Distillation range, °C, 5% 175 
95% 183 
Freezing point, “С < -40 
Flashpoint, TCC, °C СЕ) 49 (120) 
Aniline point, °C <0 
Unpolymerized residue, % 1.5 
Monocyclic terpenes, % 91 
Dipentene, % 37 
Kauri-butanol value 62 


Outstanding Characteristics 


High clarity; near colorlessness; pleasant odor; high solvency; good antiskinning properties; good 
wetting and dispersing properties for pigments. 
Solvent for synthetic and natural resins, rubber, waxes, raw and polymerized oils, and metallic driers. 


Table 2.118: SOLVENOL 2 Terpene Solvent (28) 


A High-Solvency Terpene Hydrocarbon 
SOLVENOL® 2 terpene solvent is a pale yellow to near colorless liquid that has high solvency for 
resins, waxes, and greases. It is exceptionally effective as a softening and swelling agent for rubber. 
Of pine-wood origin, it is a mixture of monocyclic terpenes with a stronger solvency than turpentine 


for waxes and resins. 


General Sales Specifications 


Hercules Том Methods efo ewallable on request 


Specific gravity at 15.6/15.6C 0.845-0.870 
Distillation range, °C, first cm’, min 165 
95%, max 195 
Typical Properties 
Specific gravity at 15.6/15.6°C 0.860 
Distillation range, °C, 5% 166 
95% 183 
Color, Hazen 45 
Hercules terpene 0.3 
Freezing point, °C < 40 
Flashpoint, TCC, *F (°C) 115 (46) 
Kauri-butanol value 80 
Aniline point, “F (C) <23 (<-5) 
Пешщиу а: 60"Е (15.6С), 155/га! (Кр/1) 7.17 (.86) 


Outstanding Characteristics 


Clear, near colorless liquid; high solvent power; highly effective softening and swelling agent for 


natural and synthetic rubbers. 
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Table 2.119: SOLVENOL 226 Terpene Solvent (28) 


SOLVENOL? 226 terpene solvent is a pale yellow to near colorless liquid that has high solvency for 
resins, waxes, and greases. Of pinewood origin, it is a mixture of monocyclic terpenes rich in para 
-menthane. It is used as a solvent in the manufacture of cleaning compounds; textile dyes; waxes and 
polishes for floor, furniture, leather, and shoes; and in other chemical specialties. 


General Sales Specifications 


Hercules Tat Methods are svailubls on sequam 


Specific gravity at 15.6/15.6'C 0.829-0.840 
Distillations range, °С 

5%, min 158 

95%, max 180 
Typical Properties 
Specific gravity at 15.6/15.6°C 0.838 
Refractive index at 20°C 1.460 
Distillation range, °C 

5%, min 165 

95%, max 172 
Color, Hazen 45 
Freezing point, “FCC) -40 
Flashpoint (SETA), “FCC) 108 (42) 
Kauri-butanol (KB) value 62 
Aniline point, Е (С) 73 (23) 
Density at 60°F (15.6°C), Ibs/gal (kg/l) 7 (0.84) 
Unpolymerized residue, % 30 


Outstanding Characteristics 


Clear, near colorless liquid; high solvent power; excellent wetting and penetrating properties. 


Table 2.120: HERCULES Steam-Distilled Wood Turpentine (28) 


HERCULES® SDW TURPENTINE is a clear, water-white liquid that complies with all 
requirements of Federal and ASTM specifications for pure spirits of turpentine. 


General Sales Specifications 
Hercules "ast Matbode eso svullabie у“ 
Specific gravity at 15.6/15.6°C 0.860-0.866 
Refractive index at 20°C 1.465-1.469 
ASTM distillation range, °C, 5% 154.0 

95% 170.0 
Typical Properties 
Specific gravity at 15.6/15.6°C 0.861 
Refractive index at 20°C 1.468 
Unpolymerized residue, % 1.3 
Initial boiling point, °C 150 
ASTM distillation below 170°C, % 98 
Freezing point, °C < -40 
Aniline point, °C 21 
Kauri-butanol value 56 
Moisture trace 
Flashpoint, TCC, “ССЕ) 36 (97) 
Color (Hercules terpene) 0.1 
Density at 60°F (15.6°C), lbs/gal (Ке) 7.18 (.86) 


Outstanding Characteristics 


Clarity; water-white color; typical turpentine odor; high solvency power; excellent wetting and 


penetrating properties; uniform purity. 


Solvent for raw and bodied drying oils, and for natural and synthetic resins and waxes. 


Table 2.121: HERCULES alpha-Pinene (28) 
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HERCULES® alpha-pinene is a clear, water-white product obtained by fractional distillation of , 
steam-distilled wood turpentine. It consists predominantly of the bicyclic terpene hydrocarbon, alpha- 
pinene. Hercules alpha-pinene can be used wherever a high-purity-grade alpha-pinene is required. 


General Sales Specifications 


Намена Топ Methods ase evellable со зась 

Specific gravity at 15.6°C/15.6°C 
Refractive index at 20°C 
Distillationrange,'C,5 95 min-95 9; max 


Typical Properties 
Specific gravity at 15.6°C/15.6°C 
Refractive index at 20°C 
Components, % 

alpha-pinene 

Camphene 

beta-pinene 
Distillation range, ‘C, 5%-95% 
Color, Hercules terpene 
Freezing point, “С 
Flashpoint, Tag closed up, “Е СС) 
Kauri-butanol value 
Density at 6(F (15.6'C), lbs,/gal (kg/l) 


Outstanding Characteristics 


0.8620-0.8645 
1.4655-1.4670 
155-159 


0.863 
1.466 


84.7 

13.9 

9.5 
156-158 
0.1 

<-40 
91 (33) 
52 
7.2 (0.86) 


Clear, water-white, high purity, chemically reactive, excellent solvent, narrow distallation range. 


Table 2.122: Selected Properties of Some Common Terpene Solvents (43) 


SPEED OF FLASH Solubility 


KAURI BOIL. RANGE, ОС ЕУАРОВ., PT. | Pararameter 
SOLVENT BUTANOL INITIAL DRY PT. MINUTES ТССОР (са|/сс)“ 
Dipentenes 62 175 188 33.0 125* 
Gum Turpentine 65 155 183 16.0 93* 8.2 
Limonene 125 58 162 179 112 
Pine Oil »500 204 227 500.0 1889 8.61 
Terpene SW >500 209 234 500.0 180 


е "Organic Solvents,” Central Solvents & Chemical Co. 
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Table 2.123: Arizona Terpene Products (5) 


ACINTENE® A ALPHA-PINENE 


ACINTENE? A is a clear, colorless liquid with a mild turpentine-like odor which is very high in alpha-pinene 
content. ACINTENE® A is miscible in alcohols and insoluble in water. 


PRODUCT PROPERTIES 
Specifications Typical Analysis 

Color, APHA! 20 max. 5 
Distillation Range, °C? 

First Drop 156.3 

97% | 157.4 
Moisture, €? <0.1 <0.1 
Kauri-butanol Value* 68 
Composition: 

Alpha-pinene, % 91 min. 93.0 

Camphene, % 2.5 

Beta-pinene, % 2.5 

Other Terpenes, % 2.0 
Specific Gravity, 15.5°/15.5°C? 0.8636 
Weight Per Gallon, 15°C, lb 7.19 
Refractive Index, 20°C? 1.4661 
Flash Point, Closed Cup, °C(°F)° 33(91) 


Methods of Analvsis: 
ASTM D 1209-79 3. 
ASTM D 802-82 


Arizona Method 6. 
ASTM D 1133-86 


> ә М 


By Gas Chromatography. Arizona Chemical 
Company method furnished upon request 
ASTM D 93-85 by tag-closed tester 


ACINTENE® B Beta Pinene 


CH, 
|| 
C 


ae 


HC 


і 


сн, 


H, с-с-сн, 








C 


ACINTENE B Beta Pinene is obtained by fractional distillation of sulfate turpentine. 
It is used as an intermediate in the manufacture of synthetic resins. 


Product Characteristics 


Color, APHA 
Distillation Range, °C: 
First Drop 
-90% 
97% 


Specific Gravity, 15.50C/15.59C 


259С/259С 
Refractive Index, 20°C 


Flash Point, Closed Cup, °F 
Moisture, % 
Composition by GLC: 
а -Ріпепе, % 
6 -Ріпепе, % 
Dipentene, % 
Camphene, % 
p-Cymene, % 
Others, % 
Pounds Per Gallon, 15°C 
25°C 


Specification Typical Analysis Method of Anaiysis 
20 max. 5 А5ТМ 01209-62 
А5ТМ 0233-65 

165-167. 166 
167-169 169 
169-173 172 
0.8685 min. 0.8708 ASTM D233-65 
0.8715 max. 

0.8654 
1.4760 min. 1.4774 ASTM D233-65 
1.4780 max. 

100 ASTM 056-64 
0.0 0.0 Arizona Method 

7.5 

76.3 

11.0 

1.7 

0.5 

3.0 

7.25 

7.19 


(continued) 
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Table 2.123: (continued) 


ACINTENE® DP DIPENTENE 


ACINTENE® DP is a clear, yellowish liquid with a lemon-pine-like odor. It is obtained by several fractional 
distillations of crude sulfate turpentine. ACINTENE DP is not a co-product of any process and is sometimes referred 
to as a “natural” dipentene. ACINTENE DP is miscible in alcohols and insoluble in water. 


PRODUCT PROPERTIES 


Color, Gardner ' 
Distillation Range, °C ? 

First Drop 

95% 

Kauri-Butano! Value З 
Composition: ^ 

Aipha-Pinene, % 

Beta-Pinene, % 

Сатрћепе, % 

Мугсепе/Сагепе, % 

Dipentene, % | 

Para-Cymene/Terpinolene, %. 

Тегрепе Ајсоћо 5, % 

Other Terpenes, % 10 
Specific Gravity, 15.5°/15.5°C 2 0.8558 
Weight Per Gallon, 15°C, Ib 7.13 
Refractive Index, 20°С 2 1.4779 
Flash Point, Closed Cup, °C(°F) 5 54 (130) 
" Includes some beta-phellandrene. 





Methods of Analysis: 


1. ASTM D 1544-86; Using Gardner color disks - 1963 standard, 
50% in heptane. 


2. ASTM D 802-82 4. By Gas-Liquid Chromatography. Arizona Chemical Company 
3. ASTM D 1133-86 method fumished on request. 


5. ASTM D 93-85 by tag-closed tester 


ACINTENE® CRDB TERPENE 


PRODUCT PROPERTIES 





Specification Typical Analysis 
Color, Gardner' 15 
AN <0.5 
Moisture, 94! 0 
Composition: 
Total Terpene Alcohols, % 36 
Alpha-Terpineol, % 21 
Cis-Anethole, % 4 
Trans-Anethole, % 15 min. 19 
Methyl Chavicol, % 10 min. 15 
Other Terpene Alcohols, % 15 
Other, % 26 
Specific Gravity, 15.5°/15.5°C’ 0.959 
Weight Per Gallon, 15°C, Ib 7.8 
EPA 24 Volitals 99.8 
Flash Point, Closed Cup, °C(°F)‘ 91(195) 


METHODS OF ANALYSIS: 


1. ASTM D 1544-86 
2. ASTM D 803-93 
3. By Gas-Liquid Chromatography. Arizona Chemical Company method 
furnished on request. 
4. ASTM D 93-85 by Tag-Closed Tester у 
(continued) 
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Tabie 2.123: (continued) 


ACINTENE® N LIQUID TERPENE POLYMER 


ACINTENE? N is a dark brown, very viscous liquid obtained (rom the fractional distillation of sulfate turpentine 


it is composed of terpene dimers and polymers. ACINTENE N is soluble in turpentine, aromatic solvents, and 
mineral spirits. 


PRODUCT PROPERTIES 


Specifications Typical Analysis 
Color, Gardner ' 17 
Moisture, % ? | А 5 0.05 
Specific Gravity, 15.5°/15.5°C ? 0.963 


Weight Per Gallon, 15°C, Ib 8.02 
Viscosity, Gardner-Holdt, 25°C © Ze min. 28+ 
Viscosity, eps, 25°C 3400 
Flash Point, Closed Cup, °C@F)* 150 (300) min. 163 (325) 





Methods of Analysis: — 1. ASTM D 1544-86; Using Gardner color disks - 1963 standard, 
50% in heptane 


2. ASTM D 802-82 
3. ASTM D 93-85 by tag-closed tester 


ACINTENE® L TURPENTINE BOTTOMS FRACTION 


ACINTENE® L is a dark brown, viscous liquid obtained from the fractional distillation of sulfate turpentine. Itis 
composed of diterpenes, triterpenes, and higher molecular-weight terpene polymers. ACINTENE L is soluble in 
turpentine, aromatic solvents, and mineral spirits. 


PRODUCT PROPERTIES 


| Typical Analysis 
Color, Gardner ' 13+ 
Specific Gravity, 15.5°/15.5°C 2 0.96 
Weight Per Galion, 15°C, Ib 8.00 


Viscosity, Gardner-Holdt, 25°C 2 22 
Viscosity, eps, 25°C 3400 
Flash Point, Closed Cup, °C(°F) ° 163 (325) 





Methods of Analysis 1. ASTM D 1544-86; Using Gardner color disks - 1963 standard, 
50% in heptane 


2. ASTM D 802-82 
3. ASTM D 93-85 by tag-closed tester 





COMPARATIVE DATA 


Table 2.124: Amoco PANASOL Solvents (20) 


тт 


; Panasol solvents sales specifications* 


Panasol 
AB-130 
Specific gravity 
at 16°C(61°F), ASTM D4052 0.860 - 0.890 
at 25°C/25°C, ASTM D4052 = 
Distillation point, ASTM D86 
initial boiling point, °C (°F), min. 149(300) 
95% boiling point, °C (°F) 202(395) 
End point, °C (°F), max. — 
Flash point, ASTM D56, TCC, 
°C (°F), min. 38(100) 
°C (°F), max. 57(135) 
Flash point, ASTM 093, РМСС 
°C (°F), min. 22 
Color, ASTM D1500, max. 1.0 
Appearance at 16°C(61°F), clear, no free 
visual test suspended 
matter 
Aromatics, ASTM D1319, vol %, min. 98 


Copper corrosion, ASTM D849 — 


A ааа с ——————————- —À—— ар — ae 


. Panasol Solvents non-specification properties 


"(————— 





Inspection Tests AN-2K AN-3N 
API Gravity @ 60°F 20.3 11.8 
Specific Gravity @ 60°F 0.932 0.987 
Lbs./Gal. @ 60°F 7.762 8.224 
ASTM Color 0.5 0.5 
TCC Flash Point,°F 151 208 
Mixed Aniline Point, °F 76.5 53.8 
Kaurt-Butanol Value — 98.0 
Aromatics, Weight % 86.0 99.5 
Mono-aromatics 31.6 13.9 
Di-aromatics 54.4 85.6 
Molecular Weight by VPO 175 164 
Crystallization Point,°F -48 -8 
Pour Point, °F -54 -17 
Distillation, °F 
Initial Boiling Point 354 436 
5 376 450 
10 386 456 
20 404 464 
30 418 470 
40 430 474 
50 444 478 
60 456 484 
70 468 490 
80 480 498 
90 494 510 
95 508 522 
End Point 532 540 
XRF Sulfur Content, ppm "МО *ND 
XRF Chloride Content, ppm 68 *ND 


*ND= None detected 


Рапаво! 
AN-2K 


0.934 - 0.947 


177 (350) 


288 (550) 


63(145) 


толымы 


2.0 
clear, no free 
suspended 
matter 
78 
Pass 


470 
482 
488 
492 
496 
498 
501 
504 
506 
910 
518 
526 
943 
*ND 
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Panasol 
AN-3N 


0.979 - 1.007 


—— 


210 (410) 


—— 


288 (550) 


95(203) 
2.0 


clear, no free 


suspended 
matter 
95 
Pass 


HAB-500 


13.2 
0.978 
8.110 
3.5 
207 
57.4 
65.0 
99.8 
8.5 
91.3 
196 
-45 
<-76 


412 
466 
516 
532 
546 
556 
565 
572 
578 
584 
594 
610 
649 
"МО 
«МО 


Рапазо! 
AN-3S 


0.979 - 1.007 


232 (450) 


— 


288 (550) 


95(203) 
2.0 


clear, no free 
suspended 


matter 
95 
Pass 


328 
340 
344 
347 
350 
351 
352 
354 
356 
360 
364 
369 
422 
*ND 
*ND 
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Table 2.125: Ashland Aliphatic and Aromatic Solvents (69) 


Aliphatic Solvents 





LB./GAL. SP.GR. BOILING RANGE ANILINE o — £VAP 

PRODUCT 60°F 60“/60“ Е це "E PT, °F ARO. RATE! 

-Репіапе 5.26 0.631 34-40 94-104 <0 26 — 0 8.1 
Нехапе 5.61 0.675 65-0 149-158 <0 29 151 «0.1 63 | 
Сусіопехапе 6.53 0.784 80-82 176-180 0 55 652 0 5.5 
LACOLENE™ 6.04 0.725 91-109 195-229 18 33 150 <1 2.4 
Super LACOLENE™ 6.31 0.758 91-110 195-230 18 47 105 20 2.2 
Heptane 5.79 0.695 92-100 198212 15 30 146 0.1 4.5 
VM & P Naphtha 6.20 0.744 119-141 246-285 50 32 153 «1 1.6 
90 Solvent 6.35 0.762 140-163 285-325 86 34 150 <1 0.33. 
KWIK DRI™ 6.44 0.772 154-182 310-360 105 32 154 <1 0.20 
Rule 66 Mineral Spirits 6.44 0.773 154-196 310-385 105 32 155 <1 0.12 
Mineral Spirits, NE 6.50 0.780 154-205 310-400 105 36 139 14 0.12 
Odorless Mineral Spirits 6.32 0.759 174213 345-415 125 28 185 <1 0.11 
Low Odor Base Solvent 6.61 0.793 182-201 370-550 150 30 166 4 «0.01 
140 Solvent 6.54 0.785 188-288 360-394 142 31 160 1 0.08 
Mineral Seal Oil 6.79 0.816 254-318 490-605 2653 22 187 8 < 0.01 
‘n-Buty! Acetate = 1 2Mixed Aniline Point — 3COC 


Aromatic Solvents 


FL. PT. 
°F TCC 


LB./GAL. 


PRODUCT 60“ Е кв 





Toluene 
| Ethyl Benzene 
Xylene 
' HI-SOL® 10 
~ HI-SOL 70 
HI-SOL 15 


! n-Butyl Acetate - 1 


7.27 
7.26 
7.23 
7.29 
7.14 
7.43 


SP.GR.  BOILING RANGE 

60°/60°F °C ы 
0.873 110-111 230-233 
0.871 135-137 275-278 
0.866 138-143 280-289 
0.876 152-177 306-350 
0.857 163-202 325-395 
0.893 177-216 350-420 


45 
59 
81 

105 

105 

142 


105 
96 
98 
90 
70 
89 


МАР ВАТЕ! 
50 18 
50 0.90 
52 0486 
55 0.15 
95 0.10. 
61 0.06 


Table 2.126: Chemcentral Solvents (Aliphatic and Aromatic) (67) 





m пе mime ни n mee re A = пите те a cat meme нн - боз mom 






















АР! 95 
ALIPHATIC PETROLEUM Gravity 5 кю 
NAPHTHAS* 60/60°Е 60/60°F 
CMEPRANE O УР Л ET оба 
HE KANE ГА 3 n ft 
KEROSENE 414 ав!на 
ГАСОЧЕН ПН ul М! ^d 1 0 7495 
#360 SOLVENT 51.7 0.772 00044 
MINE НА! st А on 1734 3883 00059 
MINIRAL SPIRITS AY 4 азя? 0057 
ODORIEESS MINETIAL SPLBITS ва, o 7620 00070 
НИВВЕН SOLVENT) : т в о мо у 5 0007? d. 
‘STODDARD SOLVENT 0 51.8 0.7720 00055 
кыен кі аба) 00075 
УМ АР МАРИН НА о 4 0 7249 00068 
#460 SOLVENT ағ; arg 00019 
ума АГ МАФНТНА 66 ови а 754? 90069 4 
_MINERALSPIRITE66 ____ 520 | 0.7724 
#140 SOLVENT 66 ј 7 аян 0 785 

















11912 
1 3812 
1 A485 
+ 4154 
1.4258 
г 4666, 
зала; 
1 4240 
1 3908 
1.4278 
$ 3Я2ч 
142743 
1 A404 


































_ 1.4277 
1 4340 
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"936984 
66 705 
177 272 
47 107 






278 116 
152 198 
179 198 


4 80 
118 142 
179 254 
126.142 
159-194 - 


191.203 






157-179 |] 





456-198 | 














 Distiltation Renge 
& 760 "но 









151 159 
350 522 
206 225 








522 600 
307 389 
354 388 








244 287 





MEITETZ 





200.5 209 


315-353 


107 215 


155 490 
260 288 
718-380 




























































мие 
Eth. Benz) 


| 
| 
| 
| 
| 


Evecoratlon Fiash Explosive Limits Composition % By Volume 
ALIPHATIC PETROLEUM ate „РОН. * by Voi. In Air FiA ou. 
NAPHTHAS* вм "E Lower Upper fates fins 
"HEPTANE OO а 20 — 12 67 | 999 _ о 
НЕХАМЕ 8! 0 12 75 100 0 
KEROSENE 148 та во во ! 
LACQUER Dil UENT 39 20 12 ва RS 1 
43608 SOLVENT | 0.21 105 | хо 6.0 99.84 «1. 
MINERAL SEAL Ot ЖЕ 265’. 97 о 
MINERAL SPIAITS 012 104 0? ба gi! 0 
ODORLESS MINERAL SPIRITS 02 129 10 Ба ча · 1 
RUBBER SOLVEN? 6 10 0 13 74 96 0 
_BTODDARD SOLVENT __ 0.21 108 0.7 во | 997 о 
"MEXSOUV о 88 0 012 єї 99 · хр” 
VM & P NAPHTHA 0 45 52 E чо чо 5 0 
#460 SOLVENT до, 140 14 68 92 1 
VM & P NAPHTHA 66 10 40 09 бо 99 + 0 
“MINERAL SPIRITS 66 — a 013 7108 007 7760 2998: | <1 
#140 SOLVENT 66 о m: 0.08 ла [| 10 "то вал | “а 








*The properties tisted above tor aliphatic petroloum naphthas and aromatic hydrocarbon solvents are typical oniy. Because these properties may vary by 
geographic area. it may be necessary fo contact your CHEMCENTRAL representative for exact specifications of the specific product you purchase 


















""Ореп Сир 
АРІ. Е gas : a Sper папа 
АВОМАТ!С НҮОВОСАВВОМ Gravy обе | со, | семи | е 
SOLVENTS 60/60?F 60°F Per °C °C @ 20°С 
BENZENL Е 736 | бор | 00094: | 5003 
TOL Ut NE 7 26 Wout! | GOÓOORO % 4974 
XYLENE | 7 25 пото | 00073 1 4970 
SC t! 6947 | 00009 30059 1 4670 
NI CI EE —1o | 0000s Е 9659 | Tates” 
SC #3 7158 | 00008 | 00055 1 4897 
SC #28 11% 9 0004 00061 t 4882 
SC #100 7 28 0008 20055 : 4982 
_SC #150 7 49 0 0008 | 00059 ! 5020 
“HAN.SOWENT O (144 і 0.0008 | 00059 | 00-0 




















80-80 6 
110-111 
138-140 
101 1-116 
137.8-153 
180-199 
162- 201. 
155-173 









183-210 


Distiliation Range 
@ 760 mm Hg 
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Absolute Flash Explosive Limits 
AROMATIC HYDROCARBON Viscosity ОШ % by Vol. in Air FIA 
SOLVENTS «ес | ^F [Lowe пива 
BENZENE. Ж 75740 
зен ПА 49 
Ху МЕ во 
че а! 20 
SC HW? |_ M 
SC #3 142 
АС пий 1 19 
SC 8100 110 | 
Set tnd 2 150 
HAN, SOLVENT 77” a6 








176-177 
230 232 
281 284 
214 240 


356 390 
324. 394 


362-410 












1 344 






Aromatics 


Aro- 


Eth. Benz) matic 


39 ча a 
257 742 
725 0 
99 | 789 

o f 75 
0 75 
0 98 
0 98 

о le 


| 





Spes - 
е 


Ps гв 
8 
0 16 
«1 | 76. 
21.4 655 








Бош- 
bility 
Рагат- 
eters 
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Table 2.127: Crowiey Solvents (60) 


METHYL NAPHTHALENE NO. 5 





Specifications Typical 

Specific Gravity 60°/60°F 0.975/1.010 0.988 
Distillation Range: °F "C °F °С 

IBP, Min. 400 204 440 227 

FBP, Max. 600 315 550 288 
Flash Point, PMCC, Min. 200 93 215 102 

(Non-Combustible) 

Aromatic Content, Min. 95% 98% 
Mixed Aniline Point, ASTM, Max. 61 16.1 11.8 
Color, ASTM, Max. -2 1.0 
Color, Pale Straw 


Pour Point 


AROMATIC SOLVENT 58 


Specific Gravity @ 60°F. 


Distillation Range °F. 


IBP 
5% 
10% 
50% 
70% 
90% 
95% 
EP 


Flash Point 


\romatic Content 


Color 


SSU Viscosity @ 100°F. 


Pour Point 


"Е. 


“Е. 


375 
449 
465 
523 
564 
634 
666 
689 


240 


74% 


15 -10 


SAF-T-SOL 200 


.9279/.9465 Specific Gravity 8 60/60'Е 0.987 

Distillation Range (ASTM D-850) 

5% 430°F 

50% 555°F 

90% 590°F 
Aniline Point, Mixed ASTM 15°С 
Color Yellow 
SSU Viscosity @ 100°F 40 secs 
Pour Point -60°Е 
Flash Point, СОС 250°F 
Aromatics 98% 
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Table 2.128: Dynaloy Solvents (37) 


DESCRIPTION 


Dynasolve 210 was developed to fill a widespread need for a solvent that would dissolve RTV silicones and silicone conformal coatings 
effectively at room temperature. Dynasolve 210 dissolves silicones quickly and effectively, but it contains methylene chloride, and may 
attack other polymers or coatings, such as epoxies and urethanes. Dynasolve 220, 225, and 230, while not quite as fast as Dynasolve 
210, contain no chlorinated solvents and are more selective. In most cases, Dynasolve 230 is fastest, followed by Dynasolve 225, and 
then Dynasolve 220. 


Dynasolve 210, 220, 225 and 230, when not contaminated by water, will not attack metal or metal components, with the exception of 
aluminum. However, aluminum may be etched after extended immersion in these Dynasolves. Contamination of these Dynasolves with 
water will resuit in the formation of acids that can attack most metals and other substrates. Test data shows that mu-metal was untouched 
after a 24 hour immersion in Dynasolve 210. Dynasolve 220, 225, and 230 will not attack acrylic or polycarbonate. 


TYPICAL PROPERTIES 


DYNASOLVE OYNASOLVE DOYNASOLVE OYNASOLVE 
210 220 225 230 
Color Amber Amber Amber Amber 
Specific Gravity 1.272 0.828 0.806 0.707 
Boiling Point 104 Е 311-348 Е 235-290 'F 202-222 Е 
Flash Point None 110 F 52°F 16°F 
pH 2.14 1.70 1.60 1.30 


DYNASOLVE CU-5 
SAFETY CLEANING SOLVENT FOR URETHANES 
DESCRIPTION 
Dynasolve CU-5 is a unique solvent that was developed for use in 


cleaning urethane residues and crystallized isocyanates from various 
types of polyurethane processing equipment. 


TYPICAL PROPERTIES 


Color: Clear 
Specific Gravity: 1.060 
Boiling Point: 202°C 
Flash Point: 191°F CC 
DH: 4 - 6 


DYNASOLVE CU-6 


SAFETY CLEANING SOLVENT FOR URETHANES 


DESCRIPTION 


Dynasolve CU-6 is a unique solvent that was developed as a 
non-gelling, higher flash point version of Dynasolve CU-5. 


TYPICAL PROPERTIES 


Color: Clear 
Specific Gravity: 1.055 
Boiling Point: 2029C 
Flash Point: 2109F CC 
pH: 4 - 6 


(continued) 
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Table 2.128: (continued) 


DYNASOLVE XD 16-4 
SAFETY SOLVENT FOR REMOVAL OF SILICONE OILS 
AND UNCURED SILICONE POLYMERS 
DESCRIPTION 
Dynasolve XD 16-4 is an experimental solvent that was developed for 


removal of silicone oils and uncured silicone polymers from molds, 
molded parts, and processing equipment. 


TYPICAL PROPERTIES 


Color: Light Amber 
Specific Gravity: 1.032 
Boiling Point: >300° F 
Flash Point: 2629F 

pH: N/A 


DYNASOLVE XD 22-1 


SAFETY SOLVENT FOR CLEANING AND DEGREASING 
DESCRIPTION 


Dynasolve XD 22-1 is an experimental solvent that was developed for 
use in cleaning and degreasing applications. Dynasolve XD 22-1 is a 
non-chlorinated, non-flammable*, non-carcinogenic, non-ozone depleting 
solvent | 


TYPICAL PROPERTIES 


Color: Clear 
Specific Gravity: 0.780 
Boiling Point: 360°F 
Flash Point: 143°F CC 
рН: М/А 


DYNASOLVE XD 27-2 
SAFETY SOLVENT FOR CIRCUIT BOARD CLEANING AND DEFLUXING 
DESCRIPTION 


Dynasolve XD 27-2 is an experimental solvent that was developed for 
cleaning and defluxing of printed circuit boards. Dynasolve XD 27-2 is 
a non-chlorinated, non-flammable‘, non-carcinogenic, поп-огопе 
depleting solvent designed as a replacement for CFCs. 


TYPICAL PROPERTIES 


Color: Transparent Yellow 
Specific Gravity: 1.000 

Boiling Point: 363° F 

Flash Point: 191°F CC 


pH: 8-9 


Table 2.128: (continued) 


DYNASOLVE DF-1 


DYNASOLVE M-35 


DYNASOLVE XD 16-3 


SOLVENT GUIDE UPDATE 


A replenisher concentrate for Dynaflush. When added to 
vacuum distilled or spent Dynaflush, will restore its 
efficiency and loading capacity to original levels. 


A low-toxicity, low volatility solvent for general 
cleaning applications. Especially suited for use in 
cleaning of uncured polymers, such as epoxies, 
urethanes, and silicones. Also very effective for 
dissolving cured cyanoacrylate instant glues. 


An experimental aqueous solution for use in the removal 
of silicone oils and uncured silicone polymers from 
molds, molded parts, and processing equipment. 
Especially effective for cleaning mold release residue 
from plastic molded parts, as it will not harm the 
surface of the parts. 


sjuaajos uoq4D204p&H 
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Table 2.129: Eastman Solvents and Diluents (41) 





e 
Viscosity, cP Viscostty, cP Dilution Ratio” Flash 

Evaporation Rate 90% 95 10-5 МС | 8% САВ-381-05 Point Freezing 
ACTIVE SOLVENTS: Formula @25°C @ 25°C Toluene | Maphtha TCC,'F | Ройм, "Е 
METHYLENE CHLORIDE 44. ов | CH;Cl; ins” 22 033 | 25 | - P 1.320^ 1098 | 13" | Мопе -142 
ТЕТВАНУОРОГ ОНАК бз | гө Носнгснсн.сн > n 13 048 | 20 | 28 | 1 50 0.889 741 | 086 6 -163 
ACETONE |. еф ен осн. f 8 Vas 20 ше ü | 20 0.792 560 079 à | B 
МЕТНУЈ АЕ: ТАЙ аз Su сос, : ЈЕ ta ОДЕ“ 25 “ч 8 і 20 0.940 ' 70 0.94 ч 144 
ETHVL ACETATE, 859,-68^; 42 | 2.9 | CHyCOOC2H; 5 15 049 | 25 | 33 | 12 38 0.684 736 | 0.88 27 -118 
ETHYL ACETATE, 99% 41 | 30 | снасодсьнь or 15 0.45 | 25 | ал | ал 39 0.901 7.51 | o9 | 24 | тв 
ја“ до ЗА ; і | у | i | | ну» | | | 
ОНО». АТА | ji 14) ӘН COOCH CH, : 4 17 9.60 ч! A.U | 67 0.873 7.26 0н: 35 з эч | 
METHYL n-PROPYL KETONE 23 | 5.3 | CH3COC4H; | 14 13 068 | 25 | 39 | 10 70 0.807 674 | 0.81 46 -123 
n-PROPYL ACETATE 2.3 | 5.3 | СНАСООСАНу | 22 18 0.58 | 20 | 32 | 15 65 0.889 7.39 | 0.89 55 -134 
ME THYI ISOBDUTY: Kt TONI | RU "о р CH1COCH, CHiCH , is 15 060 ж У "а: 78 0.802 6.67, | 0.86 uc | 119 
ISOBUTYL ACE TAT; ЈЕ 8.6 | снасооснуснен.. | № 28 90 wl 2: 80 0.870 725 . 007 59 | 346 
2-NITROPROPANE 1.1 110 | СНАСНКО СН. | 6с 27 077 | 20 | 12 ' 04 82 0.988 823 | 0.99 82 -132 
n-BUTYL ACETATE 1.0 | 12.1 | CH3COOC4Hs 30 28 0.73 | 20 | 27 | 12 83 0.883 7.35 | 0.88 81 -101 
EASTMAN PM 07 17.3 | CHyOCH GC HICH GOH | вс 49 190 20 | 5. « 1 — 56 0923 | 769 as | m | 139 
METHYL ISOAMYi КЕГОМЕ 05 242 | CH3COCH,CHICH i 26 20 073 25 | аг 12 89 0.813 676: ав 36 -101 
METHYL AMYL ACETATE 0.5 | 24.2 | CH3COOCHI(CH3C4Ho | 54 0 0.98 | 25 | 17 | 1.0 92 0.858 7.14 | 0.86 96 | - 
EASTMAN PM ACETATE 0.4 30.2 | CH3COOCH(CH3)CH20CH3 65 43 107 | 25 | 26 | 08 92 0.970 8.06 | 0.97 114* <-89 
шала қаза | де SE 9 : я "m | | g 0 876 79 | 5 а 
METHYL n-AMYL KETONE | да 302 | снсосен:. ; 20 077 2 | às | R 0.818 6.80 ° 0.82 102 „27 
ISOBUTYL ISOBUTYRATE 0.4 30.2 | (CH3)£CHCOOCH;CH(CH3); 100 1159 0.85 | 25 | 15 08 92 0.855 7.13 | 0.86 104 -112 
ETHYLENE GLYCOL ETHYL ETHEH 0.3 | 40.3 | CoHsOC2H40H | 7: 53 2.10 | 20 | 50 | i! | 59 0.931 7.75 | 0.93 110 | -137 
CYCLOH O SNN 154 ner | 5 | 3d 0.948 „и 3 
PROPS i? тіл Фед. | "з ` : | 0872 25 i 
PROPYLENZ GLYCOL PROPYL ETHER 02 | 605] СНОСНООНСНОН 95 Ins 280 | 20 Re qa m 0.886 738 | 0.88 119 112 
ETHYLENE GLYCOL ETHYL ETHER ACETATE 0.2 | 60.5 | СНАСООС- НАОСА 66 45 1.30 | 20 | 25 | 09 94 0.973 8.11 | 0.98 130 - 78 
МЫН ра TA иот ie ро Доба | 18 D A | - 0.874 39 te Ж | б 
DIISOBUT Y1. KETONE | 2. 60.5 | (CHs;CHCH2COCS cH Zh | 46 Ins 095 20 | а ов | 95 0.811 6.76 | овој го 33 | 


(continued) 
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Table 2.129: (continued) 


ACTIVE SOLVENTS 


METHYLENE CHLORIDE 
TETRAHYDROFURAN 

ACL TONE 

METHYL ACETATE | 
ETHYL ACETATE, 85% 88% 
ETHYL ACETATE, 99% 

IA нар рн кі аи 

ISOPROPYL ACETATE 

METHYL n-PROPYL KETONE 

n-PROPYL ACETATE 

METHYL ISOBUTYL KETONE 

ISOBUTYL ACETATE 

2-NITROPROPANE 

n-BUTYL ACETATE 

EASTMAN PM 

METHYL ISOAMYL KETONE 

METHYL AMYL ACETATE 

EASTMAN РМ ACETATE 

AMY, ACETATE ЗЕ МАР» 

METHYL n-AMYL KETONE 

ISOBUTYL {SOBUTYRATE 

ETHYLENE GLYCOL ETHYL ETHER 
CYCLOHEXANCH 

PROPYLEN ДУ s T ae | ‘ 
PROPYLENE Gl YGOL PROPYL ETHER 
ETHYLENE GLYCOL ETHYL ETHER ACETATE 
MIXED HEX., aiin oao 

DIISOBUTYL KETONE 


Tor: 


346.6 
143.0 


75.0 
75.0 


C 


Vapor Pres 


sure 
1 КРрак 55 С? 


~ 
Ф 2 
ся 


Surface Tension 


20 
20 
20 
20 
20 
20 


25 
20 
20 


20 


20 


25 
20 
A 


20 


Boiling Renge 
@ 760 Torr, 


“С 


39-41 
65-6; 


555 521 


55 8 5H 7 


71-79 
75.5-78 


d5 40 
101-105 
93-10: 
114-117 
112-113 
119-122 
122-129 
IPAE 
141-143 
146-153 
140-15) 
147- 153 
144-151 
134-136 


3: 


148.8 
150-1€0 


163-175 


| 
| 
i 


Solubility @ 20°C 
му 


in Water 


Compete 
Ooetrnipieje 

Mv 
74 
7.4 


0.7 


изар! +, 


20.0 


Waler in 


E Comple 


азаи н 


3.1 
3.3 


ги 
4.2 
2.6 
а, 
96 
1.6 


ЖЕПІЗГЫ 


Агеокоре 


ВР, С 


чу 
95.5 


98.2 


8.5 
8.5 


Ub 
19.5 
14.0 
243 
105 
29.4 
28.7 


44.0 
36 7 


48.0 
39.4 
87.0 


Autoignition 
Temperaiure, 


“С 


662 


“ЗН 
201 
466 
485 


474 
449 
457 
449 
427 
428 
407 


424 


354 


393 


432 
238 


382 


396 


Refractive 


MERI 
? 3000 
1.3693 
1.3718 


+3772 
1.3902 
1.3847 
1 3958 
1.3895 
1.3944 
1.3941 
: 4036 
! 4078 
1.4008 
1.3995 


1.4080 


1.3987 
1.4076 


14127 
14030 


1.4150 


20 


20 
20 
20 
0 


20 
20 
2р 
20 
20 
20 


Electrica? 
Вебівівпсе,? 


Медоћт5 


I 
ü à 
0.3 

20.0 


94 
» 20 
<0 1 
>20 


9.4 


Hansen Solubiltly Parameters! 


9.4 


30 


| 
Honpolat | Polar 


2.7 


дЕ 
1.4 


3.4 
2.3 


| Hydrogen 
Bonding 


3.0 
3.9 
3.4 


3.5 


3.0 
2.3 
3.7 
24 
3.1 
2.0 
3.1 
5.7 
2.0 


4.8 


2.0 


2.9 
70 


ts 
a 


45 
5.2 
29 
2.0 





84 90 
72.11 
58.08 
74 09 
89.11 
89.11 


102 14 
86.13 
102.14 
100.16 
116.20 
89.09 
116.16 
90.12 
114.19 
144.21 
132.20 
130.15 
114.19 
144.22 


TLV 


PPM 
1892 


50 
200 
750 


200 


400 


150 
10 
150 
100 
50 


50 


25 
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Table 2.129: (continued) 





Viscosity, cP Weight: Volume Flash 

видо инс | 8% САВ-381-05 @ 20°C Роми | Freezing 
ACTIVE SOLVENTS Formule @ 25°C LbiGal | Кол | TCC,'f | Рони, "Е 
DIMETHYL. FORMAMIDE 02 60.5 | CHCON(CH3)- 17 33 со! = = 0.951 792 | 095 136 78 
EASTMAN EP 0.2 605 | СОС (ОН 86 ins 242 1 25 | 50 ' 20 90 0.913 7.59 | 0.91 120 | <-130 
ПАСЕ А з 012 | 1008 | СНЪСОН СН га ха | lI "ar | a | 75 0940 ^ 
EEP (ETHYL 3-ETHOXYPROPIONATE - | 032 $ 100.8 | CoHsOC3Hs02C2Hs 62 54 | 20 ~ b 06 94 0.950 291 095 | 136" <-58 
PROPYLENE GLYCOL BUTYL ETHER 0.08 | 151.3 | САНОСЊСН(СНаЈОН 124 Ins | 340 | 20 | 19 | 09 96 0.884 7.37 | 0.88 138 -148 
EASTMAN EB 0.09 136.0 | C4HgOC2H,OH 101 Ins 640 | 20 | 34 23 96 0.902 151 | 090 143 -103 
М МЕТ: вк оту 004 ! 3025 | C«H:NO 38 ч. эл | 1027! 8%, ae Ж и 
MKER ER ETÀ до 003 | 4034 | Мише | | | 0.875 ча Т 
EASTMAN EB ACETATE 0.03 | 403.4 | CH3COOC2H«OC4Hg 88 65 мо | 20 | 18 | 12 95 0.941 784 | 094 | 160 - 83 
2-ETHYLHEXYL ACETATE 0.04 403.4 | CH3COOCHCH(C2Hs)C4Hs 90 Ins 1.50 | 2 | 14 | 0.9 94 0.873 721 | 0.87 150 -135 
DIPROFYLENE t^ 7. SS er oHRE 002 ' 605: | CH3O[CH;CH(CH 0, = 225 ac ж. | 90 0.951 Ee a s 
EASTMAN C-11 KETONE 0.02 ; 605.1 | Mixture 65 Ins 212 25 | 25 10 96 0.840 7.02 0.84 тва" 11 
ISOPHORONE 0.02 605.1 | OCHC:C(CH3)CH2C(CH3);CHz 110 110 260 | 20 | 62 | 1.2 97 0.922 767 | 09? 179 17 
ETHYLENE GLYCOL DIACETATE 0.02 605.1 | (CH3COOCH2)? 220 160 290 | 20 | 14 | — 95 1.107 9.22 | 1.11 191 - 43 
EASTMAN OM 002, 6051 | сниосанагон 174 160 350 20 | 23 imm" 76 1.023 8.51 — 102 191 421 
EASTMAN DE 0.02 | 6051 | CoHs(OC2H1)20H 180 140 450 20 | 59 тт" 76 0.990 825 099 195 -130 
EASTMAN DP 001 | 12102 | сзнхосена2он 190 ins 412 | 25 | 46 | 16 = 0.963 8.04 | 0.06 200 <-90 
ETHYLENE GLYCOL HEXY! FIVER 0.01 1.2102 | CgHi30C2H4OH 120 ins 5.20 | 20 | 24} 15 96 0.889 740 | 089 179 - 58 
EASTMAN DE ACETATE 0.008 ^ 1,5127 | CH3COO(C2H3O12C2H« 162 110 280. 20 | 22 06 92 1.012 8.42 — 101 225! ET 
DIBAS Бо 0.007 | 1.7289 | САЗСООСН e COOU oe 200 d su 1.092 ле 5 | 4 
EASTMAN DB 0.004 | 4,034.0 | CyHo(OC2Ha)20H 205 Ins | 474 | 25 | 39 | 19 85 0.955 794 | 096 232" -105 
EASTMAN EEH 0.003 { 4,034.0 | CyHyCH(C2Hs)CHz0C2H,OH ins ins "р ото | 251 - 1 - = 0.892 7.42 | 0.89 2087 | <-50 
ЕАЗТМАМ ОВ АСЕТА 0.002 | 6,051.0 | CHyCOOIC2HsO> Cue 186 140 120 2% 18 09 96 0.980 86 09 240^ 26 
PROPYLLSS грам 0002 560510] CHOC HiGr EA 5% + 1.063) yM | | 
TEXANOL ESTER-ALCOHOL 0.002 | 6051.0 | (CH3)9]CHCOOCH2C(CH3);CHOHCH(CH3) 1.115 Ins 18.30 | | - - = 0.950 7.90 | 0.95 248" | - 58 
MIXED TRIDECY, ACETATE ESTERS 0.001 | 12,100.0 | Mixture d : 462 i 25 | 2. 0.880 730 | 0.88 261 <-60 


(continued) 
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Table 2.129: (continued) 


ACTIVE SOLVENTS 


DIMETHYL FORMAMIDE 
EASTMAN EP 


~ ст та 


DOAACET ONE ALC Ono. 

EEP (ETHYL 3-ETHOXYPROPIONATE; 
PROPYLENE GLYCOL BUTYL ETHER 
EASTMAN EB 


QMET- SB. SRO SNE 


ЕИ .шел-к сстіцс 
ча, А. «но 


117 


ili 


EASTMAN EB ACETATE 
2-ETHYLHEXYL ACETATE 
ТУ ENE Gt МЕТНУ: ЕТ 
EASTMAN C-1) KETONE 
ISOPHORONE 
ETHYLENE GLYCOL DIACETATE 
ZASTMAN DM 
FASTMAN DE 
EASTMAN DP 
ETHYLENE GLYCOL HEXYL ETHER 
EASTMAN DE ACETATE 
DIBASIC ESTERS 
EASTMAN DB 
EASTMAN EEH 
EASTMAN DB ACETATE 
PSOE. ENE QOD. PHENYS ETHER 


CP. ENEC SUD 
TEXANOL ESTER-ALCOHO!. 
MIXED TRIDECYL ACETATE ESTER: 


1.5 
9.6 
0.6 


0.29 
0.40 


0.18 


9.04 


0.01 


0.03 


20 
20 


20 
26 


20 


0.97 


0.77 
0.36 


0.18 
14 

9.49 
0.11 


9.15 


0.04 


0.06 


3.02 


0.02 


m M] 


reus me niam EPI AREE E perm г a a rrr iMi 1 4-2 rd mm ERR Eid IRR 


35.2 


27.9 


74 
ер а 
січ 


26.6 


30.3 
25.8 


су, 


го 
~ 
an 


w 
го 
w 


33.7 
3a 8 
32.2 
323 


31.7 


30.0 


27.6 


30.0 


28.9 
28.0 





25 153! 


Complete 


25 1149.5-153.5 | Complete 


"зт, 24 


3 | 165--172 
25 170.2} 
20 | 169-1725 


гу 


ги "6 si 
20 | 186-194 
20 | 199-205 
25 "ak odi 
24 200 .240 
20 | 210-21: 
20 | 187-192 
25 | 191-198 
20 | 198-204 
20 | 202-216 
== 208. 1: 
25 | 214-22 
20 | 230-235 
20 | 224-27 
20 | 235-256 
20 | 255-260 5 
20 | 246-285 


г лацныв 
2.3 
6.4 
Complete 
бо неге 
1.1 
0.03 
Complete 
0.2 
1.2 
16.4 
Complete 
Complete 
Complete 
1.0 


| Complete 


Сотри(е 
0.2 
5.5 


ins? 
0.0 


Complete 

Complete 
22 
15.5 


Complete 


1.6 

0.6 
Complet 
0.9 
4.3 
7.6 


. Complete 


. Compfete 


Complete 
18.8 


; Complete 


Complete 
6.2 
3.7 


98.8 
99.0 


99.5 


98.7 


None 


997 
992 


None 


39.8 


79.2 


71.9 
73.5 


83.5 
84.6 


91.0 
76.0 


238 
460 
482 
240 
205 
204 


360 


205 


349 


393 
302 


25 


20 


25 
20 


20 
20 
20 
20 
20 


20 
20 


20 


<0.2 


>20 
>20 


1.5 
«0.1 
5.0 
«0.2 
«0.2 
0.1 
0.3 
3.0 


<0.3 
1.5 
520 


>20 
>20 


ИРА 


10.6 
8.4 


9.3 
B.C 


7.8 
7.8 


74 
77 


Hansen Solubility Parameters’ 


2.2 
1.4 


2g 
10 | 
4.0 
2.3 
38 | 
38 


25 | 
34 
2.0 


2.0 


3.0 
1.2 


3.5 | 






53 


4.3 
2.5 
55 
2.0 
3.6 
4.8 
6.2 
6.2 
5.5 


45 
4.1 
5.2 
2.5 
4.0 
5.6 
4.8 
20 







Gram TLY 
Мованаг | PPM 
Welght 1992 


73,09 10 
104,15 -- 
116.16 50 
146.19 = 
132.20 == 
118.17 25 

99.10 - 
172.00 - 
160.21 — 
172.27 - 
148.20 100 
138.20 5 
146.15 — 
120.15 -- 
134.17 - 
148.20 - 
146.23 — 
176.21 -- 

| 159.00 
162.23 — 
204.27 -- 
15220 — 
216.30 -- 
242.00 
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Table 2.129: (continued) 





Evaporation Rate 

LATENT SOLVENTS Formula 

METHYL ALCOHOL CHOH 

TECSOL INDUS. AND PROPRIETARY SOLVENTS С2Н5ОН 

ISOPROPYL ALCOHOL, 99% (CH3}2CHOH 

n-PROPYL ALCOHOL C3H;OH 

SECONDARY BUTYL ALCOHOL CH3CH2CHOHCH3 

ISOBUTYL ALCOHOL. CH3CH(CH3)CH20H 

n-BUTYL ALCOHOL Санаон 

METHYL ISOBUTYL CARBINOL CHaCHOHCH CHICH и. 

AMYL ALCOHOL (MIXED, PRIMARY ISOMERS) CsHne | 

CYCLOHEXANOL CHa(CH2)4HOH 

2-ETHYLHEXANOL C4HgCH(C2H5)CH20H 

Boiling Renge 

LATENT S OL VE Vapor Pressure | Surface Tension от 
METHYL ALCOHOL . 64-65 
TECSOL INDUS. AND PROPRIETARY SOLVENTS? à 74-82 
ISOPROPYL ALCOHOL, 99% ; 808-833 
n-PROPYtL ALCOHOL 96-98 
SECONDARY BUTYL ALCOHOL 2 98-101 
ISOBUTYL ALCOHOL 106-108 
i BUTYL ALCOHOL - . 116-11: 
ME THYL iogBuT YL CARBINOL i: 3t, о 
AMYL ALCOHOL (MIXED PRIMARY ISOMERS) | | 127-13] 
CYCLOHEXANOL : 160-16) 


2-ETHYLHEXANOL : . . 182-186 


1 Мівсовну, сР 
8% А5 1-6 НС | 8% САВ-381-05 


@25°C 


Soltubllity @ 20°C 
о Тетрегашге, 


in Water 


Complete 
Complete? 
Complete 
Complete | 
20.6 
9.5 
79 


Water In "С 


Сотрейе 
Compleie9 


Camplete 


Complete 
30.7 
14.3 
20.8 


9.2 


Hansen Solubility Parameters! 


Мопроівг 





Gram 
Molecular 
Welght 





cL 
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Table 2.130: Exxon Hydrocarbon Solvents (8) 






































ллы armi rne moni avidius таить чна АРНА трет тв зей лава A 

















Product Seurce Distittation Flash Point, v Densit ^miliee Pt., — KB Evaporation Surface Hildebrand Саров да, МА HEL, ГАЗ 
Range, Tee @ 60° ASTMDB11 Value te, Tension, Solubility Сусіо- врт Registry 
"f "с Е @15.6/15.6°C “ial Ми “Е n-BuAc=100 Oynes/em Parameter paraffin Parattin Aromatics Number 
ALIPHATICS . M оаа AE 1. е а 
1520 Naphtha А му 721 8 90 07 1 4 #8 ee ee L., А "з QM WES COD S S Lt 
RSMaphthat — — — — SA 66-00 151216 —18 Ф 99 Әз в. и м ом. о О И AC 
2024 Naphtha* SA 97117 207-243 З Их КЮЕ то 20 м З A del о Вел fe Wes, „Ай ыг ш: 
2429 hiha” ЗА __ Мома 23920 8 10 — 51  — 0/6 688 › 1% 8 12 аа  ,,8 п ман. 
3135 SA 1500/6 31534 — 42 8 0ч 656 1 8 4 2 о № алат: 
Varsal® 1 Solvent ВИЗА 160-205 30401 4 11 — 09 66 5 1313 10 266 x a Ae ан А ОН 
Varsal® 18 Solvent _ 18 Sovent — — ВИДА 160-205 320-401 43 | 110 бу 6.62 о 14 5 W 263. 16 53 0 M8 З 
140 Нами" — — SA 18740 369408 6 19 080 OK 0 ааа 
‚ВХ 3841 Карина" SA 187-20 369410 M wW 0.79 660 ue 152 33 6 251 15 45 49 6 209 BARA Г 
Toluene ВТ 110-111 230-232 7 45 087 727 (3 48 105 240 29.5 89 - _ 41 999 50 ВБА а 
Kylene BI/SÀ | 139-141 282-286 26 78 087 74 tie 5 88 80 300 88 > «01 999 100 за 
~ | $03 
| | 7 6. оо 3 | d)? 908 __ 014 5 
Aromatic 150 Satvent _184- ХИ 363-39 — 66 — 151 09% 149 и 59 97 6 IA O <02 98 100" opazi 
Aromatic 200 Solvent T 231-276 446-530 1049 219 100 8.34 54 98 4 38: «02 %8 КО“ пали ча 
DEAROMATIZED ALIPHATICS дыз | 
Exxsole | Sowert KA „МА NA -8 4 062 521 МА МА МА сло 145 м 100 AM 600 fév a 
Exxsol® Methyipentane SA 59-62 138-144 8 а 0.66 5.50 6 147 28 "n 170 7» 3 90 AM IR MAD. 
Роза Hexane Solvent = BISA 0669 В — i6 — 2 — — 067 AON зом 
Елуѕоје 0 75/100 Мармћа 5А 76-97 | 169207 2-8 29 ME реј К 90.13 36 X діл MC EE НО 81 0.01 (AP 00 54 m 
Esot Heptane Solvent — BI 0498 28 8 8 0 .. 59” PR 154 29 zs 212 Ed NEM. ва ша a d 
Exesolt 115/145 Марніпа | ЗА | 116-144 241-291 10 , 50 — 05. — 62 _ 6141 35 110 221 _ В Е ТТВ Чан 
Екхвої? б 3135 Нармла | 5А 157-177 315391. й 1% 07 ___ 64: 65... 151 ЗА 24 237 75 48 52 0.02 ae BAR? ATS 
Бюзом 0 40 зомем | ВОДА М В лз — (9 059 э бє и с а л уы е м ав кит 
Бозою D BO Soivem || BISA 187210 3940 063 1% 09 65 ii 159 3 6 253 74 51 49 04 5% олуы 
Exsoi*D8OSoen — 00 оои ом 2-9 00 65 5 № — 29 x 28220747 5 92 и эш. 
£xxsol* D 110 Solvent ШІ 25.269 48356. 14 2% 081 67 и 18 25 < 285 72 4 59 45 330" 00748 
ка Solvent** ВТ 276316 538-585 1377 279. 081 6.99 я 19 24 A 297 72 43 57 45 007 4119 
а E 96-104 — 208-210 и 0.70 583 7B 173. 560 203 72 27; AM 4005 м. 
2 Е Solvent 118-737 24-29 б 972 _ T NN 222% APO а 160 221 13 1 99 Оа bia d 
| 181 27 30 238 73 5 _ % 400 3007 64740-46-8. 
286 1128 35 222 73 1 003. 3007 64140489 
1 di | 183 6 _ 9 41. . 73 5 95 «001 3004 64740489 
isopar® K Solvent > 478-197 351-397 57 15 06 __ 64 в 10040 2 8 242 73 _8 «901 3007 06474289, 
норме К чу фи зо мо е 8,18 98 1.33 13. 3.9. 40 30" 0742489 
1 Solvent “BT — 189207 372-405 — 64 — MI 077. 640 56 02 4 254 73 11 9 90 300 64742489 
ar* M Solvent С ба | 433-489 ge 19 0 65 90 1% 25 <] 254 72 2) 80 4% 30% 64742478 
Зарас Убомна — ВЕ 2392 523594 129% 25 082 82 — 972 в з а 269 12 34 66 45 300" 674467 
ЗОНА РАВА. 4 зарин отаран ea а талоне стат et кектен 
femati2sovem BI 5020 370-428 — 60 — 6 05 54 1 3 269 73 - 80 ФО 9 мр 
* 13 Sotvent BT 222-244 432469 95" — 28 0.76 635 __ 3190 <i 267 72 - (Q0 — «000 00: тон 
Norpar* 15 Solvent RT — 255-279 494-534 — 1209 — 248 077 6.44 933 19 2 «1 289 71 - 100 001 309 сия 
м: Tg Casts Cu, ASTM D 56 Ф ехровие Limits - Recommended by NOTE: | | 
оч TLV ene nd ten esate а est campos y AL Ali bydrocarbon solvents test *30 аурой Соки емо К Мои 150: "в 
ASI 6h (Wied Artine Род) (е) TLV - A registered trademark of the ACGIH. Threshold Limit Value (91V) & Aromatic 200 @ ASTM 1 by ASTM D 1500. 
or Oocupational Exposure Limit, is the lime weighted average concentration: BT - Baytown SA- Sami KA- King fanch 
lor лота Ви ноу Фо чис По міс Пи акт * Markded as боі от мазо Solvents i Canada 
ттау be exposed repeatediy with adverse effect ** Sreprodudion data - Commercially available firs! quarte: 1985 
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Table 2.131: Fina Aromatic Solvents (6) 


Typical Properties 


Solvent Name Flash API Specific Distillation Common Applications 
Deg.F Gravity Gravity Deg.F 


FAS 70 180 20 0.9340 150 - 645 Warmer climate oil well applications 
Wood trcaling preservalive 


FAS 104 115 30 0.8762 300-495 Down hole oil well applications 
Wash oil 
Reaction solvent in chemical processing 
Carrier solvent for specialty chemicals 
High octane gasoline blendstock 


FAS 150 155 22 0.9218 370-630 Very similar lo FAS 104 except higher flash. 
Used in the same applications as FAS 104. 


FAS TX-150 155 26 0.8984 360-400 Water white (Saybolt +30) solvent 
Paint blendstock/ solvent 
Reaction solvent in chemical processing, 
for specially paint and oilfield chemicals 
Oilfield chemical! solvent 
High quality wash oil 


FAS TX-200 219 11 0.9930 450-527 Carrier for agricultural products 
High flash solvent applications in coatings 
Used in manufacturing specially chemicals 


Toluene (90% Purity) 31 0.8708 232-253 High octane, low КУР gasoline blendstock 


Xylene 31 0.8708 281-285 Many uses in solvents, gasoline, 
chemical processing 


Table 2.132: Hoechst Celanese Methyl Isobuty!l Ketone (42) 


Methyl Isobutyl Ketone 


(MIBK; !Isobutyl methyl ketone; Hexone; 
Isopropylacetone; 4-Methyl-2-pentanone) 





Physical Properties 


Autoignition Temperature: 840°F (449°C) 
Cntical Compressibility Factor: 0.254 
Critical Pressure: 32.3 atm 
Critical Temperature: 298.3*C 
Critical Volume: 0.369 m3/kmoi 
Dipole Moment: 9.0 X 10:39 cm 
Evaporation Rate (n-BuAc = 1): 1.54 
Flammability Limit (vol % in air): 
Upper Limit: 8.0 
Lower Limit: 1.2 
Flash Point (Tag Closed Cup): 60°F (16°C) 
Freezing Point: «-50?C (<-58°F} 
Heat of Vaporization: 
(ВТИЛЬ) 182 177 172 167 136 
Temperature (°F) 26 61.9 98.1 134 315 
Liquid Density: (b/gal) 6.86 671 6.55 6.24 5.90 
Temperature (°F) 25.7 61.9 98.1 171 243 
Liquid Heat Capacity: 
(BTU/b^F) 0514 0.518 0.521 0.546 
Temperature (°F) 770 857 944 155 


Liquid Thermal Conductivity: 
(BTU/f/sec^F) 2.45 Х105 2.32 Х105 2.06 Х 105 


Temperature (°F) 5.03 54.7 154 
Liquid Viscosity: (cp) 0.774 0.570 0.436 0.345 
Temperature (°F) 328 707 109 147 
Normal Boiling Point (760 mm Hg): 116°C (241°F) 
Solubdity (grams/100 grams of water at 20°C}: 1.95 
Specific Gravity (20*C/4*C): 0.801 
Surface Tension: (dynes/cm) 244 223 163 
Temperature (°F) 61.9 981 207 
Vapor Density (Air = 1, at 20°C): 3.46 


Vapor Pressure: (mmHg) 3.15 12.1 149 371 42.3 
Temperature (°F) 25.7 61.9 680 98.1 207 


Table 2.133: Kendall/Amalie, Witco Special Solvents (65) 


ASTM 
METHOD 


D-287* 
D-56 


D-287* 


D-156 


D-86* 


D-323 


ASTM 
METHOD 
D-287* 
D-323 
0-97 
0-86“ 


0-287“ 


0-323 
0-156 


0-56 


Hydrocarbon Solvents 75 


KENSOL 8 


C.A.S. #68410-98-0 


PROPERTIES 


GRAVITY, API 
FLASH POINT, (T.C.C.) 


SPECIFICATION 


69.0 MIN 76.0 MAX 
-4?Е / -20°C MAX 


TYPICAL VALUE 
GRAVITY, API 72.0 
LBSJGAL. 5.79 
COLOR, SAYBOLT *30 
ODOR TYPICAL SOLVENT 
DOCTOR TEST SWEET 
DISTILLATION, ~ 2G 
IBP 109 43 
5% 129 54 
50% 167 75 
95% 209 98 
ЕВР 247 119 
REID VAPOR PRESSURE 6.52 LBS/IN? 
TOTAL AROMATICS 2.85% 
BENZENE 1.15% 
TOLUENE 1.70% 

KENSOL 10 


С.А.5. 68410-97-9 


PROPERTIES 


GRAVITY, API 
REID VAPOR PRESSURE 
POUR POINT 
DISTILLATION °F 

IBP 

10% 

50% 

90% 

EBP 


GRAVITY, API 

LBS./GAL. 

REID VAPOR PRESSURE 

COLOR, SAYBOLT 
(BEFORE DYE) 

FLASH POINT, (T.C.C.) 





SPECIFICATION 

65 MIN 

4.0 MIN / 6.3 MAX 

-40°F / -40°C MAX 
MIN MAX 

F °С F °С 

100 38 134 57 

135 57 170 77 

200 93 235 113 

275 135 310 154 

315 157 350 177 

TYPICAL VALUE 

68 

5.9 

4.6 

+30 

-10%Ғ/-232С / 
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Table 2.133: (continued) 


ASTM 
METHOD 


D-287* 
D-86* 


D-287* 


D-86* 


D-1319 


D-156 
D-56 


ASTM 
METHOD 
D-287* 
D-56 
D-86* 


D-287* 
D-156 
D-611 
D-1133 


D-97 
D-1319 


D-86 


KENSOL 17 


C.A.S. 64742-48-9 


PROPERTIES 


GRAVITY, АР! 
DISTILLATION, °F 
(ВР 
ЕВР 


GRAVITY, API 
LBS./GAL. 
DISTILLATION 

IBP 

5% 

10% 

50% 

90% 

95% 

ЕВР 


SPECIFICATION 


58 MIN / 61 MAX 





FLORESCENT INDICATOR ANALYSIS (F.1.A.) 


AROMATICS, VCLUME % 

OLEFINS, VOLUME % 

SATURATES VOLUME % 
COLOR, SAYBOLT 
FLASH POINT, (T.C.C.) 


170°F MIN 
400°F MAX 
TYPICAL VALUE 
61 

6.12 

oF °С 

175 79 

210 99 

217 103 
244 118 

291 144 
303 151 

358 181 
6.5% 

„596 

93 

+30 

+25°Е | -4°C 


KENSOL 30 


REGULAR MINERAL SPIRITS, C.A.S. 8052-41-3 


PROPERTIES 
GRAVITY, API 
FLASH POINT, (T.C.C.) 
DISTILLATION, °F 

5% 

95% 

ЕВР 


GRAVITY, АР! 

LBS./GAL. 

COLOR, SAYBOLT 
ODOR 

ANILINE POINT 

KAURI BUTANOL VALUE 
POUR POINT 


SPECIFICATION 
50.8 MIN / 52.7 MAX 
105°F / 40°C MIN 


FLORESCENT INDICATOR ANALYSIS 


AROMATICS, VOLUME % 

OLEFINS, VOLUME % 

SATURATES, VOLUME 
DISTILLATION 

IBP 


310°F MIN 

390°F MAX 

410°F MAX 
TYPICAL VALUE 
52 

6.42 

+30 

MILD PETROLEUM SOLVENT 
149°F / 65°C 

32.5 

-40°F / -40°C 

9.4 

.7 

89.9 

AE: 2C 

306 152 

322 162 

341 170 

375 190 

393 201 
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ASTM 


METHOD 


D-287* 
D-56 
D-86* 


D-287* 


D-156 
0-611 
0-1133 
0-97 
0-1319 


0-86 


ASTM 


METHOD 
0-92 

D-287* 
D-86* 


D-287* 


D-92 
D-156 
D-1611 
D-1133 
D-86 


D-97 
D-88 
D-445 


D-1319 
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KENSOL 33 


PROPERTIES 
GRAVITY, API 
FLASH POINT, (T.C.C.) 
DISTILLATION, °F 

5% 

95% 

ЕВР 


RULE 66 MINERAL SPIRITS, C.A.S. 8052-41-3 


SPECIFICATION 


. 51 МІМ / 54 МАХ 


105“Е / 40°C MIN 


310°F MIN 
390°F MAX 
410°F MAX 


UV ANALYSIS, VOL % AROMATICS 7.2 MIN / 7.8 MAX 


GRAVITY, API 

LBS./GAL. 

COLOR, SAYBOLT 
ANILINE POINT 

KAURI BUTANOL VALUE 
POUR POINT 


TYPICAL VALUE 


FLORESCENT INDICATOR ANALYSIS 


AROMATICS, VOLUME % 

OLEFINS, VOLUME % 

SATURATES, VOLUME 
DISTILLATION 

IBP 

5% 

50% 

95% 

EBP 





52 

6.42 

+30 

65 

32.5 

-40°F / -40°C 
7.5 

0.5 

92 

oF °C 
318 137 
325 161 
339 169 
368 185 
391 197 


KENSOL 48T 


NARROW CUT PETROLEUM DISTILLATE, C.A.S. #64741-86-2 


PROPERTIES 
FLASH POINT °F, COC 
GRAVITY, °АР! 
DISTILLATION, °F 

IBP 

ЕВР 


GRAVITY °API 
LBS./GAL. 
FLASH POINT °F, COC 
COLOR, SAYBOLT 
ANILINE POINT, °C 
KAUR! BUTANOL VALUE 
DISTILLATION 

IBP 

10% 

50% 

90% 

EBP 
POUR POINT, °F 
VISCOSITY @ 100°F, SUS 
VISCOSITY @ 40°C, CST 

DOCTOR TEST 

COPPER STRIP CORROSION 
F.1LA. ANALYSIS, VOLUME % 

AROMATICS 

OLEFINS 

SATURATES 


SPECIFICATION 
170177°C MIN 
46.8 MIN - 48.0 MAX 


380 MIN / 193°C MIN 
475 MAX / 246°C MAX 


TYPICAL VALUE 


47.4 

6.5 
185 / 85°C 
+30 
72.5 1 162°F 
28.3 

ВЕ °C 
391 199 
409 209 
422 217 
443 228 
465 241 
-40 / -40?С 
34.2 

1.56 
SLIGHTLY SOUR 
1b 








11.4 
3.1 
85.5 
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Table 2.134: Mobil Oil Aliphatic and Aromatic Solvents (64) 


| Toluene, Nitration Grade | 


Property Method Specification Typical 
Acidity ASTM D 847 No Free Acid Negative 
Acid Wash Color ASTM D 848 2 max с 1 
Appearance at 65 to 78 °F Visual Clear Liquid Free of Clear 
(18.3 to 25.6 °C) Sediment & Haze 

Color, Piatinum-Cobalt ASTM D 1209 20 max 0 
Copper Corrosion ASTM D 849 Negative Pass 1A 
Distillation Range including ASTM D 850 1 max 0.7 


110.6 °C at 760 mm Hg 
Pressure, °C 


Non-Aromatics, Volume X Gas Chromatograph 1.5 max 0.02 
Specific Gravity, 60/60 °F ASTM D 891 0.869 - 0.873 0.872 
(15.6/15.6 °C) 

Sulfur Compounds ASTM D 853 Free of H2S & 502 Negative 


Complies with ASTM D 841 Product Number: 871004 (Ibs), 868224 (gals) 
Pounds per Gallon, 60 °F (15.6 °C): 7.26 Specification Date: August 1, 1996 


Solvent Xylene 


Property Method Specification Typical 
Acidity ASTM D 847 No Free Acid Negative 
Acid Wash Color ASTM D 848 6 max 3 
Color, Platinum-Cobalt ASTM D 1209 20 max 0 
Copper Corrosion ASTM D 849 Negative Pass 1А 
Distillation, °C ASTM D 850 

initial Boiling Point 137 min 138 

Dry Point 143 max 140 

Range including 139.3 °C 5 max 2 

at 760 mm Hg Pressure 
Specific Gravity, 60/60 °F ASTM D 891 0.860 - 0.875 0.871 
(15.6/15.6 ?С) 
Sulfur Compounds ASTM D 853 Free of H9S & SO5 Negative 


Complies with ASTM D 843 


Pounds per Gallon, 60 °F (15.6 °C): 7.26 Product Number: 870808 (Ibs), 868182 (gals) 
Production Point: Chalmette, LA Specification Date: August 1, 1996 





(continued) 
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Pegasol R-100 Aromatic Solvent 


Property 
Appearance 
Aromatics, Volume Ж 
Benzene, Volume X 
Distillation, ?F 
initial Boiling Point 
Dry Point 
Flash Point, TCC, °F 


Kauri-Butanol Value 


Specific Gravity, 60/60 °F 
(15.6/15.6 °C) 






Pounds per Gallon, 60 °F (15.6 °C): 7.30 
Production Point: Chalmette, LA 


Method 

Мвиа! 

Gas Chromatograph 
Gas Chromatograph 


ASTM D 86 


ASTM D 56 
ASTM D 1133 


ASTM D 891 






specification 
Report 

95 min 

0.1 max 

300 min 

350 max 

105 min 

Report 


0.865 - 0.885 


Product Number: 870204 (Ibs), 868331 (gals) 
Specification Date: August 1, 1996 


Typical 
Clear & Bright 
99.3 

« 0.01 

310 

340 

109 

91 


0.875 






T-400 Aromatic Solvent 


Property 
Appearance 
Aromatics, Volume Х 
Distillation, °F 
Initial Boiling Point 
Dry Point 
Flash Point, TCC, °F 


Kauri-Butanol Value 


Specific Gravity, 60/60 °F 
(15.6/15.6 °C) 


Method 


Visual 


Gas Chromatograph 


ASTM D 86 


ASTM D 56 


ASTM D 1133 


ASTM D 891 


Specification 
Report 

95 min 

300 min 

400 max 

105 min 

Report 


0.865 - 0.885 


Typical 
Clear & Bright 
99.3 

310 

340 

109 

91 


0.875 
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Table 2.134: (continued 


| T-500-100 Aromatic Solvent i | 


Ргорепу Method Specification Typical 
Acidity ASTM D 847 No Free Acid Negative 
Aromatics, Volume % Gas Chromatograph 94 min 99.4 
Copper Corrosion ASTM D 849 Negative Pass ТА 
Distillation, °F ASTM D 850 

initial Boiling Point 290 min 300 

Dry Point 345 max 340 
Doctor ASTM D 4952 Sweet Negative 
Flash Point, TCC, °F ASTM D 56 100 min 102 
Kauri-Butanol Value ASTM D 1133 Report 92 
Specific Gravity, 60/60 °F ASTM D 891 0.860 - 0.875 0.874 


(15.6/15.6 °C) 


Sulfur Compounds ASTM D 853 Free of H25 & 502 Negative 










Product Number: 870923 (ibs), 860924 (gals) 
Specification Date: August 1, 1996 






Pounds per Gallon, 60 °F (15.6 °C): 7.29 
Production Point: Chalmette, LA 





Pegasol R-150 Aromatic Solvent 


Property Method specification Typical 
Appearance Visual Clear & Bright Clear & Bright 
Aromatics, Volume % Gas Chromatograph 95 min 99.7 
Color, Saybolt ASTM D 156 * 25 min 30 
Distillation, °F ASTM D 86 

Initial Boiling Point 350 min 360 

Dry Point 420 max 380 
Fiash Point, TCC, °F ASTM D 56 142 min 145 
Kauri-Butanol Value ASTM D 1133 89 min 90 
Specific Gravity, 60/60 “Е ASTM D 891 0.890 - 0.910 0.892 


(15.6/15.6 *C) 


Pounds per Gallon, 60 *F (15.6 *C): 7.50 Product Number: 870212 (Ibs), 868323 (gals) 





Production Point: Chalmette, LA Specification Date: August 1, 1996 
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Table 2.135: Penreco Hydrocarbon Solvents (78) 



































Specifications мыш 1 228800 : ыо | 228008 : 2авоо 
т сам. ena as i вачите | 6474246- т 1 вач | 6042-47.5 
API Gravity, 60°F : 46/50 ; 46/ M) : 44/47 43/47 : 46/44 
_ Specific Gravity, 60/60°F 2 т ро тм о вм ÈO oaa tomas | 
Olstitiation, ASTM 0 86 : : : | : : 
(ВР, °F, min 375 : 375 : 430 : 444 і 510 і 
au а Ue nin) : (191) : asi : (224) : 235) : (264) : 
End Point, °F, max : 460 : 460 : 500 : 540 : 594 : 
5 Сета оом | ов | Qo 1 ш ве: 
Physical Properties (Typical) : | : | 
Specific Gravity, 60/80°F 786 | 786 | 795 : 804 | 812 ; 
space %42%444 е44%64%444ш 4 444 ле%4« АЈА О РАСТЕ ! ! { 
_ Pounds Galion, — : 6.56 | 6.56 ! 6.64 : 0.69 | 6.76 і 
Viscosity, 100°F, SUS : 32.0 | 32.0 i 332 : 34.5 | 38.0 і 
495292929242 ЬАЛ 84fd4a4444o""uv242498944429249944^ : i : ; ! : 
Масовну, 100-F, cst : 1.66 і 168 ; 218 : 228 4.30 ; 
| Anline Point, ASTM 0 611, °F : 170 : 168 : 175 : 181 ; 192 : 
: KB Values, ASTM D 1133 : ж : 29 ; 26.5 : 245 | 226 ; 
Aash Point, ASTM D 92, °F : 195 : 165 : 210 : 215 і 200 : 
(°С) (74) 3 (74) | (99) : (а) | (127) : 
Pour Point, ASTM D 97, °F | -40 : 40 : -15 | a : 25 : 
„се : (-40) : (40) ; (26) i (-18) C4) : 
Chemical Properties (Typical) : : : : : 
Aromatics by UV, Wt% <! t «І : «i : <1 : 
ое : Сик Сы : Си Си : СС, : СЄЗ ; Съ Си 
Table 2.136: Phillips 66 High Purity Hydrocarbon (4) 
HYDROCARBON LIQUIDS HYDROCARBON LIQUIDS 
MINIMUM мінімим 
PRODUCT CATALOG PURITY PRODUCT CATALOG PURITY 
GRADE NO. MOL % GRADE NO. MOL % 
n-Butylbenzene isopentane 
Pure и A63400 99.0 | Риге | 126400 990 
Isobutylbenzene ONION с. кысы Le AD щен 
P ше А65400 990 2-Methylbutene-2 
C yc lohexane Commercial O17800 - 
Pure N24400 99.0 cr ызыл ыс gee Запа вата пе ава ти мати 
98% N24900 98.0 Methylcyclohexane 
Cyclopentane | «ӨНЕ ыы. cc car EA e LE Le 
Pure N22400 990 2-Methylpentane 
7096 N22800 - Pure 130400 99.0 
п-Оесапе 3-Methylpentane 
Pure P10400 — Pure 132400 99.0 
2:7 2- -Dimethyibutane, (Neohexane) n-Octane 
Pure 134400 99.0 Technical РО8700 97.0 
3, 3-Dimethylbutene-1 (Neohexene) O20300 95.0 n-Pentane 
n-Dodecane Pure | РО5400 990 
Technical P12300 950 Commercia! РО5392 980 
“Men. 22224-10... Toluene 
# - Риге А42400 99.0 
Pure — РО7400 99.0 Reference Fuel A42444 - 
Commercial Р07200 - | 
ASTM Р07444 - 2,2,4-Trimethylpentane (see Isooctane) 
n-Hexane ortho-Xylene 
Pure РО6400 99.0 Pure A47400 99.0 
Technical РО6ЗОО 95.0 Technical A47300 95.0 
High Purity Р06200 85.0 meta-Xylene 
Нехепе-1 Тесптса! А44300 950 
Technicai 021300 950 para-Xylene 
BEEN | Риге А48400 99.0 
isohexanes ши 


Commercial 136200 - 


тя А те aa. 


Table 2.137: Shell Chemical Solvents (14) 


OXYGENATED SOLVENTS 


Fast Evaporating—Relative Evaporation Rate )3.0 


АСЕТОМЕ 

ETHYL ACETATE (85-88%) 
ETHYL ACETATE (95-98%) 
ETHYL ACETATE (99%) 
METHYL ACETATE (80%) 
METHYL ETHYL KETONE 
iso-PROPYL ACETATE (95-97%) 
iso-PROPYL ETHER 
TETRAHYDROFURAN 


CH,COCH, 
CH,COOC,H, 
CH,COOC,H, 
CH,COOC,H, 
CH,COOCH, 
CH,COC,H, 


CH,COOCH(CH,), 
(CH,),CHOCH(CH,), 
OCH,CH,CH,CH, 


Molccular 
Weight 


58.08 
88.10 
8810 
8810 


7408 
7211 

10213 
10218 
7210 


Medium Evaporating—Relative Evaporation Rate 0.8-3.0 


iso-BUTYL ACETATE (90%) 
n-BUTYL ACETATE (90-92%) 
n-BUTYL ACETATE (99%) 
sec-BUTYL ACETATE (90%) 


sec-BUTYL ALCOHOL 
tert-BUTYL ALCOHOL 
1,1,1,-TRICHLOROETHANE 
DIETHYL KETONE 


ETHYL ALCOHOL 200 PRF. ANHYD 
ETHYL ALCOHOL 190 PRF. (95%) 
METHYL ALCOHOL 

METHYL ISOBUTYL KETONE 


METHYL ISOPROPYL KETONE 
METHYL n-PROPYL KETONE 
2-NITROPROPANE 

n-PROPYL ACETATE (90-92%) 
iso-PROPYL ALCOHOL 
n-PROPYL ALCOHOL 


CH,COOCH,CH(CH;), 


CH,COOC,H, 
CH,COOC,H, 


CH,COOCH(CH,)C,H, 
CH,CH,CHOHCH, 


C(CH,),0H 
CH,CCL, 
C,H,COC,H, 
C,H,OH 
C,H,0H 
CH,OH 


CH,COCH,CH(CH;), 


CH,COCH(CH,), 
CH,COC,H, 
CH,CHNO,CH, 
CH,COOC,H. 
(CH,),CHOH 
C,H,OH 


116.16 
116.16 
116.16 
116.16 


7412 
7412 
133.0 
86.13 


46.07 
46.07 
32.04 
10016 


8613 
8613 
89.09 
10213 
60.09 
60.09 


Boiling Point 


(or Range) 


Freezing 

Point, 
оС ор оС! 
561 1330 - 949 
70-85 158-185 — 
73-80 163-176 — 
771 170.8 - 83.6 
571 1348 - 981 
79.64 175.35 ~ 86.69 
887 1917 - 731 
68.5 1553 - 855 
66.0 150.8  - 108.5 
117.2 2430 - 9985 
118-128 244-262 - 735 

1261 2590 — 

112.2 2340 - 989 
99.5 2111  - 1147 
82.6 180.7 25.66 
1652 740 - 38 
1015 2147 - 420 
78.32 1730 - 1141 
64.5 1481 - 97.8 
116.2 2412 - 835 
939 2010 - 920 
1023 2161 - 775 
1203 2485 - 930 
1016 2149 - 925 
82.33 180.2 - 88.43 
9715 2069 - 1270 


Fiash 
Point 
°F + 59 
(Тав 
Closed 
Cup) 


-15 
24 


68 
80 
82 
88 


72 
52 
none 
558 


56 
61 
51 
60 


45 
82 
58 
53 
77 


Vapor 
Pressure 
mmHg 
@ 20°С! 


18546 


--- 


73.8 


172.3 
70.92 
46.9 
119.5 
130.0 


15.0 
8.9 
8.5 
16.2 


14 
29.6 
100.00 

26.9 


43.9 


97.5 
14.5 


39.8 
27.0 
12.9 
248 
32.0 
142 


Surface 


Refractive Tension, Expansion 


Index 
п 20! 
р 


1.3590 


1.3725 


1.3594 
1.3788 
1.3770 
1.3682 
14073 


1.3880 
1.3951 


— 


1.3915 


1.3969 
1.38419 
1438 
1.3905 


1.36143 
1.329 
1.3957 


1.3862 
1.3902 
1.3941 
1.3844 
1.3772 
1.385 


Dynes/ 
CM 
20°C! 


22.32 


23.9 


24.6 
21.2 
17.3 
26.49 


23.3 
240 
27.6 
22.8 


23.0 
20.7 
25.6 


22.27 


22.6 
23.64 


26.6° 
30.0 
23.9 
21.35 
23.8 


Average 
| · Роипаа 

Coefficient Per Gallon @ 

of . (VOC Content) 
@ 20°C 

AV 

VAT) 2590 60°F 
000143| 6.55 6.64 
0.00134, 7.33 742 
000134: 743 7.51 
000134: 746 7.55 
— | 748 7.58 
000131] 667 6.75 
000131) 719 - 7.28 
00015| 599 607 
— | 7.35 742 
000119: 719 7.26 
00017; 725 7.32 
000121 730 737 
000118 715 7.23 
0.00101 669 6.75 
000133 650 — 
— 09 — 
— 676 6.82 
00011 653 6.60 
00011 673 6.79 
00019 656 6.63 
000115: 664 6.71 
0001. 665 671 
00012 669 6.75 
000104 820 8.26 
000126 729 7.37 
000104 6.51 6.57 
000096 667 6.74 


Average 


Specific Gravity 


25/25°С 60/60°Е 


0.788 
0.881 
0.894 
0.897 


0.900 
0.802 
0.866 
0.720 
0.884 


0.865 
0.872 
0.878 
0.860 


0.805 
0.782" 
1.319 
0.814 


0.786 
0.809 
0.789 
0.799 


0.801 
0.805 
0.987 
0.877 
0.783 
0.803 


0.797 
0.890 
0.902 
0.906 


0.910 
0.812 
0.875 
0.729 
0.891 


0.872 
0.879 
0.885 
0.868 


0.811 
1.321 
0.819 


0.793 
0.816 
0.796 
0.806 


0.806 
0.810 
0.992 
0.885 
0.790 
0.809 
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Table 2.137: (continued) 


Fast Evaporating—Relative Evaporation Rate )3.0 


ACETONE‘ 


ETHYL ACETATE (85-88%)' 
ETHYL ACETATE (95-98%) 
ETHYL ACETATE (99%) 
METHYL ACETATE (80%) 
METHYL ETHYL KETONE 
iso-PROPYL ACETATE (95-97%) 


iso- PROPYL ETHER 


TETRAHYDROFURAN 


Medium Evaporating—Relative Evaporation Rate 0.8-3.0 


iso-BUTYL ACETATE (90%) 
n-BUTYL ACETATE (90-92%) 
n-BUTYL ACETATE (99%) 
sec-BUTYL ACETATE (90%) 
sec-BUTYL ALCOHOL 
tert-BUTYL ALCOHOL 
1,1,1,-TRICHLOROETHANE 


DIETHYL KETONE 


ETHYL ALCOHOL 200 PRF. ANHYD 
ETHYL ALCOHOL 190 PRF. (9597) 


METHYL ALCOHOL 


METHYL ISOBUTYL KETONE 


METHYL ISOPROPYL KETONE 
METHYL n-PROPYL KETONE 


2-NITROPROPANE 


n-PROPYL ACETATE (90-92%) 
iso-PROPYL ALCOHOL 
n-PROPYL ALCOHOL 


CH,COCH, 
CH,COOC,H, 
CH,COOC,H, 
CH,COOC,H, 
CH,COOCH, 
CH,COC,H, 
CH,COOCH(CH,), 
(CH,),CHOCH(CH,), 
OCH,CH,CH,CH, 


CH,COOCH,CH(CH,), 
сн,соос,н, 
CH,COOC,H, 
CH,COOCH(CH,)C,H, 
CH,CH,CHOHCH, 
C(CH,),0H 

CH,CCL, 
C,H,COC,H, 

C,H,OH 

C,H,0H 

CH,0H 
CH,COCH,CH(CH,), 
CH,COCH(CH,), 
CH,COC,H,; 
CH,CHNO,CH, 
сн,соос,н, 
(CH,),CHOH 

C,H.0H 


Evaporation 


Characteriatics 


Seconds Relative 


to 
90% 


Evap.? 


82 
115 
117 
117 


93 
121 
134 
97 
97 


305 
458 
468 
257 


963 
(430) 
76 
205 


278 
328 
221 
295 


164 
201 
415 
220 
319 
530 


Rate 
nBuOAc 


9.59 
3.98 
3.91 
3.91 


4.92 
3.79 
3.42 
8.04 
4.72 


1.50 
100 
0.98 
1.78 


0.81 
(1.05) 


2.23 


1.60 
140 
2.07 
1.61 


2.79 
2.28 
110 
2.08 
144 
0.86 


Viscosities 


Dilution Ratiat 


сре @ 25°С Шавһ 
Resint 
?fc Mel. 
Зет Пит. 
Neat N.C? @ Aliphatic 
=1.0 Compound Solution 80°F* Toluene Марина? 
0.31 10 <20 44 0.8 
0.47 18 37 3.3 1.3 
0.46 19 44 31 11 
0.45 20 = 31 11 
0.42 16 <35 2.9 0.9 
0.41 15 36 4.3 0.9 
0.52 27 62 2.8 1.3 
0.35 COSOLVENT FOR NITROCELLULOSE 
0.50 21 50 2.9 11 
0.68 37 78 2.2 11 
0.71 35 82 2.7 14 
0.68 44 = 2.7 1.3 
0.65 33 76 2.6 1.3 
2.9 COSOLVENT FOR NITROCELLULOSE 
3.35" COSOLVENT FOR NITROCELLULOSE 
0.79 == = = = 
047 20 76 30 0.7 
11 COSOLVENT FOR NITROCELLULOSE 
14 COSOLVENT FOR NITROCELLULOSE 
0.56 19 == 2.2 0.5 
0.55 19 78 3.6 10 
0.48 19 = 3.8 0.9 
0.68 20 70 40 11 
0.75 63 82 1.2 0.4 
0.59 26 65 3.2 1.5 
24 COSOLVENT FOR NITROCELLULOSE 
2.0 COSOLVENT FOR NITROCELLULOSE 


Solubility of 
Pure 
Compound 
@ 20°C, % 
hy Weight 


іп Water Solubility Fractional 


Water [n 
Complcte 
79 33 
87 33 
29 30 

245 82 
2714 125 
2.9 1.9 
11 0.5 
Complete 
0.67 1.65 
10 137 
0.74 21 
154 651 
Complete 
34 2.6 
Complete 
Complete 
Complete 
204 24 
23 20 
43 33 
1.7 0.6 
23 2.6 
Complete 
Complete 


Physical Chemical Parameters 


Parameter 


100 
9.6 
9.3 
91 


10.5 
9.3 
8.6 
70 
9.9 


8.3 
90 
8.6 
8.2 


10.8 
10.2 
87 
9.9 


12.7 
13.2 
145 
84 


8.9 
8.7 
9.9 
8.75 
11.5 
11.9 


Polarity 


0.623 
0171 
0156 
0.151 


0101 
0.514 
0131 
0.021 
0135 


0.093 
0.096 
0.095 
0.090 


011 
0116 
00 
0.403 


0.299 
0.326 
0.484 
0.317 


0.437 
0.415 
0.627 
0102 
0170 
0.199 


Hydrogen 
Bonding 


Index Characteristics 


12.5 
49 


8.9 


10.5 
8.5 
15.6 
16.5 


8.7 
5.7 
10.8 
8.3 


-17.5 
-170 
42 
7.7 


-17.7 


-19.8 
10.5 


10.5 
11.0 
40 
8.5 

-16.7 
-16.5 


Acceptor 
Acceptor 
Acceptor 


Acceptor 


Acceptor 

Acceptor 

Acceptor 
D-A® 


Acceptor 


Acceptor 
Acceptor 
Acceptor 
Acceptor 
D-A 
D-A 
Acceptor 
Acceptor 
D-A 
D-A 
D-A 
Acceptor 
Acceptor 
Acceptor 
D-A 
Acceptor 
D-A 
D-A 


(continued) 
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Table 2.137: (continued) 


Average 
Boiling Point Pounds Average 
(or Range) Flash Coefficient Per Gallon @ Specific Gravity 
Point Surface of (VOC Content) 


°F + 5° Vapor Refractive Tension, Expansion 
Freezing (Tag Pressure Index gn @ 20°C 


Molecular Point, Closed mmHg n = | 
Weight °C °F eC! Cup) @ 20°C! в. Gar) 25°C  60?F 25/25?C 60/60°Е 
Slow Evaporating—Relative Evaporation Rate (0.8 
AMYL ACETATE (ex Fuseli Oil) (85-88%) CII,COOC,IL,, 13018 1460 2948 - 1000 939 5.2 1.401 243 000104 714 7.21 0859 0.866 
AMYL ACETATE, PRIMARY СПИСООСН,, 13018 1460 2948 - 100% 101 3.8 1.4013 28.5 00015 726 7.34 0.874 0.881 
(Mixed Isomers) (95%) 
AMYL ALCOHOL, PRIMARY (Mixed Isomers) | С.П,ОП 8815 1331 2716 - 900 — 2.9 14014 23.8 0.00092 6.77 683 0.814 0.820 
tert-AMYL ALCOHOL (CIE COH CH, 8815 102.2 2160 - 84 = — 1.4048 — 000133 5.71 6.77 0.807 0.814 
iao-BUTYL ALCOHOL CH,CH(CH4,)CH,0H 7412 1078 2260 - 1080 86 8.8 1.3859 22.8 000096 665 671 0.801 0.806 
n-BUTYL ALCOHOL C,H,0H 7412 #77 243.9 - 890 98 41 1.3993 24.6 0.00090 672 678 0.808 0.814 
BUTYL DIOXITOL® GLYCOL ETHER C,H,0(C,H,0),H 162.22 2304 4467 - 681 220 «0.01 14316 300° 000085 7.85 801 0.956 0.962 
BUTYL OXITOL® GLYCOL ETHER C,H,0C,H,0H 11817 1712 3402 - 750 143 0.8 14193 27.3 00009; 749 7,55 0.901 0.907 
m-CRESOL CH,C,H,OH 108141 2020 3960 - 12.2 187* 0149 1.5414 3801" — 8.58 ши 1030 pes 
CYCLOHEXANOL CH,CH,CH,CH,CH,CHOH 10016 16065 3212  - 2515 154 11 1.4656 351 000077 787 794 0947 0.953 
СҮСІОПЕХАМОМЕ CH,CH,CH,CH,CH,CO 9814 1567 3141 — 470 11 34 14507 27.7 000094 786 793 0.946 0.952 
DIACETONE ALCOHOL (CH;),C(OH)CH,COCH, 1616 1692 3628 - 440 133 0.95 1.4234 28.9 000094 7.79 786 0.937 0.944 
DIBASIC ESTER СИ ОСОССН,), СООСН, г 104) 199.0 196-225 385-437 - 200 212 0.24 14213 351 00010 913 9.23 1097 11075 
DIETHYLENE GLYCOL 110(C,H,O),H 10612 2450 4730 - 7.8 30029 002 14472 485 (0000635 9028 9.33 1116 1120 
DIETHYLENE GLYCOL MONOBUTYL ETHER CH,COO(C,H,O),C,H, 20427 2460 4750 - 322 2409 — «001 14262 == 0.00101 815 819 0.981 0.984 
АСЕТАТЕ (95%) 
DIISOBUTYL KETONE (СН,)СИСИ,СОСИ,СН(СИ)); 14.23 1693 93367 - 4.5 140 14 1.4230 22.5 0.00102 670 676 0.806 0.811 
DIMETHYL FORMAMIDE CHON(CH,), 7309 1530 3074 - 610 135 241" 1.4269? 35.2 -- 779 7.87 0.938 0.945 
DIETHYLENE GLYCOL MONOETHYL C,H,0(C;H4,0),H 13418 2019 3954 - 760 192 0.2 14273 35.5 000090 8.21 8.28 0.988 0.994 
ETHER-low gravity 
DIETHYLENE GLYCOL MONOETHYL C,H,0(C,H,0),H — 190-205 374-401 — 201 01 14286 == 0.00096 8.51 8.58 1024 1.030 
ETHER-high gravity 
DIPROPYLENE GLYCOL MONOMETHYL СН,ОСН,СНСН;ОСН, 148.2 1883 3710 - 800 167 04 1.4198 28.8 0.00091 7.91 7.98 0.951 0.957 
ETHER СНСН.ОН 
DIPROPYLENE GLYCOL MONOMETHYL CH,0CH,CHCH;OCH, 190.2 2050 4010 == 187 0.2 14140 28.3 == 8.09 818 0.972 0.983 
ЕТИЕК АСЕТАТЕ CHCH,OOCCH, 
ETHYL BUTYL KETONE C,H,COC,H, 11418 1476 297.7 - 390 1158 10.2 14085 == 0.00106 6.79 685 0.816 0.822 
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Table 2.137: (continued) 


Slow Evaporating—Relative Evaporation Rate (0.8 


AMYL ACETATE (ех Еиле! Oil) (85-88%) 
AMYL ACETATE, PRIMARY 

(Mixed Isomers) (95%) 

AMYL ALCOHOL, PRIMARY (Mixed Isomera) 
tert-AMYL ALCOHOL 

iso-BUTYL ALCOHOL 

n-BUTYL ALCOHOL 


BUTYL DIOXITOL* GLYCOL ETHER 
BUTYL OXITOL* GLYCOL ETHER 
m-CRESOL 

CYCLOHEXANOL 


CYCLOHEXANONE 


DIACETONE ALCOHOL 

DIBASIC ESTER 

DIETHYLENE GLYCOL 

DIETIIYLENE GLYCOL MONOBUTYL ETHER 
ACETATE (95%) 

DIISOBUTYL KETONE 

DIMETHYL FORMAMIDE 


DIETHYLENE GLYCOL MONOETHYL 
ETHER-low gravity 


DIETHYLENE GLYCOL MONOETHYL 
ETHER-high gravity 


DIPROPYLENE GLYCOL MONOMETHYL 
ETHER 


DIPROPYLENE GLYCOL MONOMETHYL 
ETHER ACETATE 


ETHYL BUTYL KETONE 


CH,COOG,I,, 
CH,COOC,H;,, 


СП. ОН 
(CH,),COHC,I, 
CH,CH(CH,)CH,OH 
C,H,OH 
C,H,0(C,H,0),H 
СОС, Нон 
СС Он 


CH,CH,CH,CH,CH,CHOI 
CH,CH,CH,CII,CH,CO 
(CH,),C(OH)CH,COCH, 
CH,0CO(CH;),COOCH, еа 
HO(C,H,0),II 
CHCOO(C,H,0),C,H, 


(CH)CHCH;COCIH;CH(CHj), 
CHON(CH,;), 
C;H40(C,H,0),H 


C,H,0(CH,0)H 


CH,OCH,CHCH,OCH, 
CHCH,OH 


CH,OCH,CHCH,OCH, 
CHCH,OOCCH, 


C,H,COC,H, 


Evaporation 


Characteristics 


Seconds Relative 


to Rate 
90%  nBuOAc 
Evap.? 

689 0.67 
1203 0.38 
2305 0.20 
505 0.91 

740 0.62 
1076 0.43 

150390 | «001 
6750 0.07 

-- <01 
9160 0.05 
1566 0.29 
3840 012 

56700 <0.01 

— «0.001 

327780 «001 
2437 019 
2280 0.20 
27800 0.02 
36300 0.01 
22900 0.02 
42200 «0.01 
1075 0.43 


z1.0 Compound Solution 


Viscosities 


eps @ 25°C ИДЕИ 


Resist 
% Rel. 
Врт Пит. 
Neat N.C? @ 
нос 


0.83 39 88 
0.83 55 92 


Dilution Ratios 


‘Toluene 


2.5 
2.3 


Aliphatic 
Naphtha? 


17 
14 


3.7 COSOLVENT FOR NITROCELLULOSE 


3.5 COSOLVENT FOR NITROCELLULOSE 13.7 


1.8 COSOLVENT FOR NITROCELLULOSE 
2.6 COSOLVENT FOR NITROCELLULOSE 


5.3 215 85 3.9 1.9 
2.9 107 96 3.3 1.8 
98" -- -- -- -- 
527 COSOLVENT FOR NITROCELLULOSE 
2.0 74 92 5.8 1.3 
2.9 137 828 2.3 0.6 
2.39 -- — — -- 
289 — — -- — 
31 -- — 1.8 0.9 
0.95 126 95 1.5 0.8 
0.82 14 — 77 0.2 
4.0 135 «509 4.8 imm. 
70 320 — 20 Imm. 
34 — — 44 0.8 
21 — — — — 
0.70 49 94 2.6 0.8 


Solubility of 
Pure 
Compound 
@ 20°C, % 
hy Weight 


In Water Solubility Fractional 


Water [n 
0.17 115 
0.20 0.90 


17 92 
20.9 
87 150 
77 201 


Complete 


Complete 
2515 -. 
013 118 


23 80 


Complete 
5.3 31 
Complete 


65 37 


«0.05 0.75 
Complete 
Complete 


Complete 


Complete 


13 -- 


143 0.78 


Physical Chemical Parameters 


Parameter 


8.9 
8.45 


10.9 
100 
10.7 
14 


: 89 
8.9 
11.7 
11.4 
9.9 
9.2 
9.7 
121 
8.8 


7.8 
121 
9.7 


110 
9.6 
8.2 


84 


Polarity 


0.068 
0.077 


0.074 
0.093 
0125 
0102 


0.060 
0128 
0.047 
0.082 
0.469 


0.459 
0140 
0.602 
0.093 


0.157 
0.796 
0092 


0.045 
0.175 
0.107 


0.361 


Index Characteristics 


8.2 
8.2 


-17.9 
-180 
0.0 
0.0 
-150 
-14.8 
13.7 


00 
8.2 
0.0 


9.8 
18.9 
0.0 


34 


0.0 


100 


Hydrogen 
Bonding 


Acceptor 


Acceptor 


D-A 
D-A 
D-A 
D-A 
D-A 
D-A 
D-A 
D-A 
Acceptor 
D-A 
Acceptor 
D-A 
Acceptor 


Acceptor 
D-A 
D-A 
D-A 
D-A 

Acceptor 


Acceptor 
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Table 2.137: (continued) 


Slow Evaporating—Relative Evaporation Rate (0.8 


ETHYL 3-ETHOXY PROPIONATE 
ETHYLENE GLYCOL 
2 ETHYL HEXANOL 
2 ETHYL HEXYL ACETATE (95%) 


ETHYLENE GLYCOL MONOETHYL ETHER 
ACETATE (95%) 


ETHYLENE GLYCOL MONOETHYL ETHER 
ACETATE (99%) 


ETHYLENE GLYCOL MONOBUTYL ETHER 
ACETATE 


HEXYLENE GLYCOL 
ISOBUTYL ISOBUTYRATE 
ISOPHORONE 


METHYL n-AMYL KETONE 


DIETHYLENE GLYCOL MONOMETHYL 
ETHER 


METHYL ISOAMYL KETONE 
METHYL ISOBUTYL CARBINOL 


ETHYLENE GLYCOL MONOMETHYL ETHER 


N-METHYL-2-PYRROLIDONE 


ETHYLENE GLYCOL MONOETHYL ETHER 
PROPYLENE GLYCOL 


PROYLENE GLYCOL MONOMETHYL ETHER 
PROPYLENE GLYCOL MONOMETHYL ETHER CH,OCH,CH,CHOOCCH, 


ACETATE 

PROPYLENE GLYCGL MONO TER'FiARY 
BUT’, |. ETHER 

TRIEVHYLENE GLYCOL 

WATER 


C,H,OCOC,H,OC,H, 
HOC,H,OH 
C,H,CH(C,H,)CH,OH 


CH,COOCH,CH(C,H,)C,H, 


CH,COOC,H,OC,H, 
CH,COOC,H,OC,H, 


CH,COOC,H,OC,H, 


CH;CH(OH)CH,C(OH)(CH,), 11817 
(СН,)„СНСООСН,СН(СН,), 
COCH:C(CH;)CH,C(CH,),CH, 138.2 





CH,COC,H,, 
CH,0(C,H,0),H 


CH,COC,H,CH(CH,), 


CH,CH(OH)CH,CH(CH,), 


CH,0C,H,0H 


CH,CH,N(CH,)COCH, 


C,H,0C,H,0H 
CH,CH(OH)CH,OH 
CH,OCH,CHCH,OH 


(CH,),;COCH,CHCH,OH 


HO(C,H,0)H 
HOH 


Boiling Point 


Flash 
ash 


(or Range) 


Point 

°F + §° 

Freezing (Тар 

Molecular Point, Closed 
Weight °C °F eC Cup) 
146.2 165-172 329-342 <- 500 136 
6207 1973 3871 - 127 25020 
130.23 1848 3646 - 760 166 
172.27 1990 390.2 - 800 160 
13216 150-160 302-320 -- 126 
13216 156.3 3133 - 617 126 
160.21 191.6 376.9 - 646 165 
198.27 3889 - 505 21120 

14421 1473 2971 - 810 101 
2152 419.4 - 81 184 

11418 150.5 3029 - 350 102 
12015 1942 3816 - 850 189 
11418 1454 2937 -7421 96 
10218 1318 2692 - 905 103 
7609 1245 2561 - 851 102 
99133 2020 3960 - 244 20421 
9012 1351 2752 - 1000 110 
7610 1873 3691 —6005 210 
90.1 1201 2480 - 950 90 
132.2 140 2860 «- 670 117 
132.2 1510 3040 - 560 113 
15017 2874 5493 - 72 30529 
18.02 100 2120 - 00 — 


Vapor 
Pressure 
mmHg 
@ 20°С! 


111 
0.06 
0.09 
0.4 


20 


0.25 


<01 
3.0 
0.3 


10 
0.2 


40 
4.6 
7.3 
0.329 
41 
0.15 
10.9 
3.7 


47 


<0.01 
17.535 


Refractive Tension, 


Index 
п 20! 
р 


14050 
14318 
14328 
14103 


14030 


14200 


14276 
1.3999 
14775 


1410 
14263 


14069 


1410 

14021 
1.4699 
1.4076 
14319 
1401 

1.3995 


14116 


14559 
1.33299 


Surface 


Dynes/ 
CM 
20°C! 


24.2 
48.4 


28.2 


30.3 
334 


32.3 


34.89 


28.5 


22.8 
30.6 
40.79 


27.9 
360 
27.7 
27.4 


45.2 
72.75 


Ауегаре 
. Pounds 


Coefficient Рег Gallon @ 


of (VOC Content) 
Expansion 
@ 20°C 
( AV 
VAT 25°C 60°Е 
0.001176 7.82 17.95 
0.000566 926 9.31 
0.00088 6.91 6.96 
= 723 7.30 
0.00112 806 815 
0.00112 806 8.15 
000104 7.79. 7.88 
0.00072 7.65 7.71 
— 707 715 
0.00085 7.64 7.70 
000104 677 6.83 
0.00088 849 8.56 
0.00107 6.79 6.85 
0.00103 669 6.75 
0.00095 800 8.08 
— 8.59 --- 
000007 772 7.79 
0.000695 8.61 8.66 
0.00099 7.65 | 7.72 
000096 803 810 
--- 7.26 7.31 
0.00171 934 939 
— 8.31 8.33 


Average 
Specific Gravity 


25/25°C 60/60?Е 


0.946 0.954 
1114 1.118 
0.831 0.836 
0.870 0.876 
0.970 0.978 
0.970 0.978 
0.938 0.946 
0.921 0.926 
0.851 0.859 
0.919 0.925 
0.814 0.820 
1021 1.028 
0.817 0.822 
0.805 0.811 
0.963 0.970 

1.031 — 

0.928 0.935 
1036 1040 
0.919 0.927 
0.964 0.969 
0.872 0.878 
1123 1128 
1000 1.000 
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Table 2.137: (continued) 


Slow Evaporating—Relative Evaporation Rate (0.8 


ETHYL 3-ETHOXY PROPIONATE 
ETHYLENE GLYCOL 
2 ETHYL HEXANOL 
2 ETHYL HEXYL ACETATE (95%) 


ETHYLENE GLYCOL MONOETHYL ETHER 
ACETATE (95%) 


ETHYLENE GLYCOL MONOETHYL ETHER 
ACETATE (99%) 


ETHYLENE GLYCOL MONOBUTYL ETHER 
ACETATE 


HEXYLENE GLYCOL 
ISOBUTYL ISOBUTY RATE 
ISOPHORONE 


METHYL n-AMYL KETONE 


DIETHYLENE GLYCOL MONOMETHYL 
ETHER 


METHYL ISOAMYL KETONE 
METHYL ISOBUTYL CARBINOL 


ETHYLENE GLYCOL MONOMETHYL ETHER 


N-METHYL-2-PYRROLIDONE 


ETHYLENE GLYCOL MONOETHYL ETHER 
PROPYLENE GLYCOL 


PROYLENE GLYCOL MONOMETHYL ETHER 


HOC,H,OH 
C,H,CH(C,H,)CH,OH 
CH,COOCH,CH(C,H,)C,H, 
CH,COOC,H,OC,H, 


CH4,COOC,H,OC,H; 
CH,COOC,H,OC,H, 


CH;CH(OH)CH,C(OH)(CH;), 
(CH,),CHCOOCH,CH(CH,), 
COCH:C(CH;)CH,C(CH,),CH, 


CH,COC,H,, 
CH40(C,H,0),H 


CH,COC,H,CH(CH,), 
CH,CH(OH)CH,CH(CH,), 
CH,0C,H,OH 
CH,CH,N(CH,)COCH, 
C,H,OC,H,OH 
CH,CH(OH)CH,OH 
CH,OCH,CHCH,OH 


PROPYLENE GLYCOL MONOMETHYL ETHER CH,OCH,CH;CHOOCCH, 


ACETATE 


PROPYLENE GLYCOL MONO TERTIARY 
BUTYL ETHER 


TRIETHYLENE GLYCOL 
WATER 


——Á ee 


(CH;);COCH,CHCH,OH 


HO(C,H,O),H 
HOH 


Evaporation 


Characteristics 


Seconds Relative 


to 
90% 


Evap.? 


3900 


29730 
13750 


2706 
2533 


14310 


965 
20000 


1376 
26260 


1016 


1711 
884 


1213 


600 
1410 


1830 


1376 





Наїс 
nBuOAc 


=1.0 Compound Solution 


012 
<0.01 
0.02 
0.03 


017 


018 


0.03 


<001 
0.47 
0.02 


0.33 
0.02 


0.45 


0.27 
0.52 
<01 


0.38 
0.01 
0.76 
0.32 


<0.01 
0.33 


Viscosities 
cps @ 25°C. 


Neat 


1.2 
17.4 
77 
14 


1.2 
1.2 


1.7 


29.8 
0.83 
2.3 


0.77 
3.8 


0.73 


3.8 
1.6 
1.7 
1.9 
43.0 
1.7 
114 


3.3 


38.2 
0.92 


Врт 
М.с. 


— 


COSOLVENT FOR NITROCELLULOSE 


140 94 1.3 0.9 
57 91 2.5 0.9 
60 — 24 0.9 
102 96 1.8 1.2 
87 — 1.3 0.8 
97 97 6.2 — 
42 93 3.9 1.2 
122 579 2.3 Imm. 
40 89 3.8 11 
COSOLVENT FOR NITROCELLULOSE 

50 459 3.4 0.2 
59 679 49 11 
-- -- 5.2 0.9 
60 — 2.5 0.43 
— — 2.3 1.2 


Blush 
Resist 


% Kel. 


Hum. 


@ 
80r" 


Dilution Ratio‘ 


Toluene 


1.8 


Aliphatic 
Марина? 


0.6 


Solubility of 
Pure 
Compound 
@ 20°C, % 
by Weight 


іп Water Solubility Fractional 


Water [n 


29 29 
Complete 
0.07 2.6 
003 0.55 


229 6.5 


11 1.6 


Complete 
«01 «0.2 
12 43 
043 15 
Complete 


055 14 
164 6.35 
Complete 
Complete 
Complete 
Complete 
Complete 


185 56 
145 201 


Complete 


Physical Chemical Parameters 


Parameter 


8.7 
14.7 
9.5 
8.5 


8.8 
8.7 


8.2 


9.7 
7.7 
91 


8.5 
10.2 


8.3 


10.0 
10.8 
1.3 
9.9 
12.6 
10.2 
9.2 


81 


10 
234 


Polarity 


0.094 
0.476 
0.045 
0.020 


0.163 
0.160 


0.060 


0.599 
0.091 
0.521 


0.236 
0.108 


0.240 


0.071 
0.281 
0.727 


0.216 
0.773 
0.217 
0153 


0128 


0.656 
0.835 


Index Characteristics 


11.5 
-13.2 
-18.7 

8.8 


101 


10.3 


-12.3 
80 
14.9 


9.0 
0.0 


10.9 


-18.7 
0.0 
23.0 


0.0 
-10.9 
0.0 
10.7 


0.0 


0.0 
-30.0 


Hydrogen 
Bonding 


Acceptor 
D-A 
D-A 

Acceptor 


Acceptor 
Acceptor 


Acceptor 


Acceptor 
Acceptor 


Acceptor 


Acceptor 


D-A 


Acceptor 
D-A 
D-A 
D-A 
D-A 
D-A 
D-A 

Acceptor 


D-A 


D-A 
О-А 
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Table 2.137: (continued) 


HYDROCARBON SOLVENTS (Typical Properties*) 


Please Note: Shell Sol 71 has changed to 
Shell Odorless Mineral Spirits (OMS). 


Aliphatic Hydrocarbons 


SHELL SOL B HT 

SHELL TOLU-SOL® A HT SOLVENT 
SHELL TOLU-SOL W HT SOLVENT 
SHELL TOLU-SOL 3 SOLVENT 
SHELL TOLU-SOL 5 SOLVENT 
SHELL TOLU-SOL 6 W SOLVENT 
SHELL TOLU-SOL 10 SOLVENT 
SHELL TOLU-SOL 19 EC SOLVENT 


SHELL TOLU-SOL 25 SOLVENT 
SHELL RUBBER SOLVENT 
SHELL VM&P NAPHTHA HT 
SHELL VM&P NAPHTHA EC 
SHELL MINERAL SPIRITS 135 
SHELL MINERAL SPIRITS 145 EC 
SHELL MINERAL SPIRITS 150 EC 
SHELL MINERAL SPIRITS 200 HT 
SHELL SOL 340 HT 


SHELL SOL 142 HT 
SHELL SOL 71 
Aromatic Hydrocarbons 


SHELL TOLUENE 
SHELL XYLENE 


SHELL CYCLO-SOL® 53 AROMATIC SOLVENT 
SHELL CYCLO-SOL 63 AROMATIC SOLVENT 


Calculated 


Average 


Molecular 


Мери 


88 
100 
100 
100 
100 
100 
99 
98 


‚ 96 


118 
17 
138 


131 
132 
132 
143 


161 
149 


92 
106 
120 
134 


Distillation Range 


°C 


61-77 
90-97 
98-110 
91-97 
91-98 
99-108 
91-105 
91-104 


92-107 
64-114 
119-139 
121-134 
164-202 
162-201 
162-200 
162-206 
159-176 


190-207 
179-204 


110-111 

139-142 
160-176 
173-208 


°F 


142-170 
194-206 
209-230 
195-207 
195-209 
211-227 
196-221 
195-220 


198-225 
147-238 
247-282 
249-273 
327-395 
323-393 
323-392 
324-402 
319-349 


374-405 
355-400 


231-232 
283-287 
320-349 
343-407 


Flash 


Point°F Pressure Aniline 


TCC” or 
ЅЕСС2* 


20 


10 
20 


14 


55 
57 
112 
13 
109 
111 
103 


145 
125 


43 
79 
111 
128 


Уарог 


mmHg 


@20°C Рі. °Е 


1400 
47.8 
414 
47.2 
46.8 
40.7 
45.8 
440 


42.7 
125.3 
9.8 
9.7 
11 


1.2 
11 
11 
14 


04 
0.5 


21.8 
61 
1.6 
0.5 


Cloud 


152 
155 
129 
150 
146 
113 
133 
116 


105 
135 
142 
128 
138 
145 
151 
154 
152 


159 
184 


Mixed 
Aniline 
Cloud 
Pr. °F 


90 
53 
56 
57 


Kauri 
Butanol 
Value 


29 
29 
36 
30 
30 
43 
34 
39 


42 
34 
35 
38 
37 


35 
33 
32 
32 


30 
26 


105 
95 
92 
89 


Average 
Pounds 
Per Gallon @ 


(VOC Content) 


25°C 


5.53 
5.71 
6.17 
5.74 
5.77 
6.23 
5.87 
6.00 


6.09 
5.65 
6.19 
6.24 
6.56 


6.44 
6.40 
6.40 
6.37 


6.52 
6.24 


716 
717 
719 
7.35 


602 Е> 


5.61 
5.79 
6.23 
5.82 
5.85 
6.29 
9.95 
6.08 


617 
5.79 
6.27 
6.31 
6.63 


6.52 
647 
6.47 
6.44 


6.58 
6.32 


7.25 
7.25 
7.27 
743 


Average 
Specific Gravity 


25/25°С 


0.666 
0.688 
0.741 
0.691 
0.695 
0.748 
0.706 
0.722 


0.733 
0.680 
0.745 
0.751 
0.789 


0.776 
0.771 
0.770 
0.766 


0.784 
0.752 


0.862 
0.863 
0.866 
0.884 


60/60°Е25 


0.675 
0.696 
0.749 
0.699 
0.703 
0.755 
0.714 
0.730 


0.741 
0.689 
0.753 
0.758 
0.796 
0.183 
0.778 
0.777 
0.773 


0.791 
0.759 


0.871 
0.871 


0.874 
1.092 


(continued) 
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Table 2.137: (continued) 


Composition, 96v 


Evaporation 
Characteristics? Saturates Aromatics 
Seconds Relative Neat С, 
to Rate Viscosity Higher 
90% пВиОАс срв Tol & (excluding Solubility 
Evap. 510 ®@25°С Paraffins Cycloparaffins EB? EB) Benzene Total Parameter 
Aliphatic Hydrocarbons 
SHELL SOL B HT 49 9.4 0.37 94.7 5.3 — — 0002 . «001 7.3 
SHELL TOLU-SOL® A HT SOLVENT 96 4.8 0.43 91.2 8.8 - - «0001 | «001 7.2 
SHELL TOLU-SOL W HT SOLVENT 121 -3.8 0.54 43 57 с001 — «0.001 — «0.01 7.6 
SHELL TOLU-SOL 3 SOLVENT 97 4.7 0.43 88.4 8.6 30 — <0.001 3.0 7.3 
SHELL TOLU-SOL 5 SOLVENT 98 47 044 ` 86.6 84 50 - <0.001 50 73 
SHELL TOLU-SOL 6 W SOLVENT 123 3.7 0.55 26.1 67.9 6.0 — «0.001 60 7.7 
SHELL TOLU-SOL 10 SOLVENT 101 45 0.45 82.0 8.0 100 — <0.001 10.0 74 
SHELL TOLU-SOL 19 EC SOLVENT 107 43 0.46 73.9 71 190 — «0.001 19.0 7.5 
SHELL TOLU-SOL 25 SOLVENT 112 41 0.47 68.4 6.6 250 — «0001 250 7.6 
SHELL RUBBER SOLVENT 55 8.3 0.41 84.6 6.4 9.0 — «0.004 80 74 
SHELL VM&P NAPHTHA HT 305 15 0.68 540 46.0 — -- <0003 <01 7.6 
SHELL VM&P NAPHTHA EC 316 1.4 0.68 50.1 42.8 15 5.5 <0.003 70 7.7 
SHELL MINERAL SPIRITS 135 4660 010 110 41.9 431 — 150 «0.0001 150 7.6 
SHELL MINERAL SPIRITS 145 EC 3250 014 1.02 44.5 | 48.4 — 71 <0.0001 71 75 
SHELL MINERAL SPIRITS 150 EC 3415 013 113 46.5 50.4 — 31 <0.0001 31 75 
SHELL MINERAL SPIRITS 200 HT 3420 013 112 47.9 520 — «0.1 «0.0001 — «01 74 
SHELL SOL 340 HT 1725 0.27 0.95 46.0 53.9 -- — «00001 <0. 74 
SHELL SOL 142 HT 9250 <01 144 53.0 470 — — «00001 — «02 74 
SHELL SOL 71 5140 «01 1.50 — — — — «00001 . «01 74 
Aromatic Hydrocarbons 
SHELL TOLUENE 226 20 0.62 -- -- — — 0.005 99.97 8.9 
SHELL XYLENE 628 0.73 0.87 — — 19.0 80.5 «0.0005 995 8.8 
SHELL CYCLO-SOL? 53 AROMATIC SOLVENT 2018 0.21 0.88 = = = 99.4 <0.0001 99.4 8.8 
SHELL CYCLO-SOL 63 AROMATIC SOLVENT 5000 <01 1.08 = = = 97.5 «0000! 975 8.8 
NOTES 
*Typicul properties are to be considered as representative 
of current production and should not be treated аз spaci- 
fications. Data shown are subject to minor variations in 
normal manufacturing. 
1. Determined on pure material. 7 % ester. 14. Calculated from average composi- 19 Nitrocellulose blush. 24. Setaflush closed cup. 
2. Shell Thin Film Evaporometer, 25°C and 0% R. Il. 8. Donor-Acceptor. tional data. 24 Pensky-Martens closed cup. 25. Calculated from ASTM-1P 
3 Вдта R.S, 'h* AC. (dry WI00 mls solvent. а 25°С. 15. Seis io glass below this temperuture. 21. Open cup. Petroleum Measurmeni Tables. 
4. At final concentration of B qms. RS. 2" МС. (Чгу 100 10. 26°С. l6. Closed cup. 22. Calculated from distillation 26. Tbluene and Ethylbenzene. 
тіз combined solvent and diluent. Ц. 78°Е 17. 15°С. data using Shell "Evapo-rator." 27 NHB = Non- Hydrogen Bonding. 
5. ‘Volu-Sol l7 or similar. 12. 30°C. 18. 40°C. 23. Тод closed cup. 28. Wh Acce Very weak acceptor. 


б. Shell Chemical Company products are shown in blue, 13. Toy open cup. | 


Selected physical properties of all other products have 
been obtained wherever possible from published litera- 
ture of their commercial producers. 
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90 Industrial Solvents Handbook 
Table 2.138: Sunoco Chemicals Solvents (72) 


Mineral Spirits - Toledo Refinery 


Sales Test. 
Tests Specs Typicals Method 
Composition, Vol. % Sun GC-MS 
Paraffins 48.0 
Olefins 0.2 
Napthenes 34.4 
Аготаікх 17.4 
Benzene <0.01 
Specific Gravity 0.782 Min - 0.799 Max 0.791 D891 
60Е/60Е 
Gravity, API 47.4 0287 
Distillation, F D86 
IBP 300 Min - 330 Max 320 
End Point 395 Max 387 
Residue, Vol.% 1.5 Max 19 
Color, Saybolt 25 Min 30 D156 
Appearance Clear Clear Visual 
(а) 65 - ТВЕ 
Flash Point, F 105 Min 110 056 
Kauri-Butanol Value 29.0 Min - 42.0 Max 39 D1133 
Aniline Point, F 120 Min 126 0611 
Total Sulfur, Wt. ppm 100 Max 4 D4045 
Copper Corrosion ТА D130 
Bromine Number <] 01159 
Meets ASTM D235 Type I Mineral Spirits (Stoddard Solvent). 
Toluene (Nitration) - Toledo Refinery 
Sales Test 
Tests Specs Typicals Method 
Composition, Vol. % D2360 or Equivalent 
Toluene 99.95 
Benzene 0.03 Мах «9001 
C8 Aromatics 0.03 
Non-Aromatics 0.3 Max 0.02 
Specific Gravity 0.869 Min - 0.873 Max 0.872 D4052 or Equivalent 
15.56C/15.56C 
Distillation Range, C 1.0 Max 0.6 D850 or Equivalent 
(including 110.6 C) 
Color, Pt-Co Scale 20 Max 5 D1209 
Acid Wash Color 2 Max 0 0848 
Appearance Clear Clear Visual 
@ 65 - 78F 
Total Sulfur. Wt. ppm 1.0 Max «0.5 D4045 
Sulfur Compounds None Detected None Detected D853 
(H25 and 502) 
Copper Corrosion Pass (1A or 1B) Pass D849 
Acidity None Detected None Detected D847 
Bromine Index <1 01492 
Water, Wt. ppm 60 D1744 


Meets ASTM D841 specifications for Nitration Grade Toluene. 
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Table 2.138: (continued) 


Benzene - Toledo Refinery 


— a a a d rdi V SY РР 


| Sales | Test 
Tests Specs Typicals Method 
Composition, Wt % D4492 or Equivalent 
Benzene 99.95 
Toluene | 0.015 
Non-Aromatics 0.15 Max 0.035 
Specific Gravity 0.882 Min - 0.886 Max 0.883 ' D4052 or Equivalent 
15.56C/15.56C 
Distil'ation Range, C 1.0 Max 0.6 0850 or Equivalent 
(including 80.1 C) 
Solidification Point, C 5.35 Min 5.49 0852 
Color, Pt-Co Scale 20 Max 5 D1209 
Acid Wash Color | Мах 0 0848 
Арреагапсе Clear Clear Visual 
@ 65 - 78Е 
Total Sulfur, Wt ppm 1.0 Max «n.] D4045 
Sulfur Compounds None Detected None Detected D853 
(H2S and 502) 
Thiophene, Wt. ppm 1.0 Max «1.0 D1685 
Copper Corrosion Pass (1A or IB) Pass D849 
Acidity None Detected None Detected D847 


Meets ASTM D2359 specifications for Refined Benzene - 535. 


Sun does not test for Thiophene. However, we can conclude that chemically if sulfur is not greater than 0.4 ppm on a weight basis, then Thiophene 





cannot be greater than Ippm. 
CYCLOHEXANE - MARCUS HOOK, PA 
Sales Test 

Tests Specs Турісаї е — Method 
Composition D3054 

Cyclohexane, Wt. % 99.9 Min 

Benzene, Wt. ppm 20 Max 

Total Aromatics, Wt. ppm 150 Max 

Methylcyclopentane, Wt ppm 200 Max 

Methyicyclohexane, Wt ppm 200 Max 
Color, Saybolt 30 Min D156 
Total Sulfur, Wt ppm 1 Max D4045 
Total Chlorides, Wt ppm 1 Max UOP 395-90 
Non-Volatile Matter, mg/100 ml 1 Max D1353 
Free Water None Visual 


Meets ASTM 03055, Cyclohexane 995 specifications. ( continued ) 
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Table 2.138: (continued) 


CUMENE - PHILADELPHIA, PA 


Tests 


Cumene, Wt % 


Ethyibenzene, Wt ppm 


N-Propylbenzene, Wt ppm 


Butylbenzene, Wt ppm 
Benzene, Wt ppm 


Diisopropylbenzene, Wt ppm 


Toluene, Wt ppm 


C8 - C9 Saturates, Wt ppm 


Methylstyrene, Wt ppm 


Cumene Hydroperoxide, Wt ppm 


Phenols, Wt ppm 


Specific Gravity, 609/60?F 


Color, Pt-Co Scale 
Acid Wash Color 
Toltal Suifur, Wt ppm 
Bromine Index 


Appearance 


Meets ASTM D4077 specifications. 


Sales Test 

Specs Typical * Method 
99.9 Max 99.95 D3760 
50 Max «5 D3760 
250 Max 166 D3760 
200 Max 93 D3760 
20 Max 5 D3760 
15 Max 2 D3760 
5 Max 3 D3760 
100 Max 52 D3760 
Report 60 D3760 
100 Max 43 D3703 
5 Max 0.5 H952 
0.864 - 0.865 D891 
0.867 
15 Max 5 01209 
2 Мах 1 0848 
0.1 Мах 0.03 04045 
75 Мах 44 01492 
Clear Clear Visual 


- XYLENE - MARCUS HOOK, PA 


Tests 
Composition, Vol % 
Total C,Aromatics 


Paraxylene 
Metaxylene 
Orthoxylene 
Ethylbenzene 
Benzene 
Toluene 


С9+ Aromatics 
Non-Aromatics 


Specific Gravity, 
15.56C/15.56C 


Color ( Pt-Co Scaie ) 


Distillation, ° C 
Range(including 139.3° C) 
IBP 


Dry Point 
Acid Wash Color 


Acidily 
Total Sulfur, Wt ppm 


Sulfur Compounds 
( H,S and SO, ) 


Copper Corrosion 
Bromine index 
Appearance, @ 65-78 °F 
Water, Wt ppm 


Non-volatile Matter, mg/100 m1 


Sales 
Specs 


0.01 Max 
0.5 Max 


1.0 Max 
0.3 Max 


0.865 Min 
0.875 Max 


20 Max 


5 Max 
137 Min 
143 Max 

2 Max 


Pass 


1 Max 


Pass 


8 Max 


Clear 


Meets ASTM D843, nitration grade specifications. 


Typical * 


99.8 


23-26 
51-57 
12-15 
2-14 
«0.005 
0.07 


«0.2 
0.02 


0.872 


2.0 
139.0 
141.0 


Pass 


«0.1 


Раз5 


Pass 


Clear 


100 


<1 


Test 
Method 
D2360 or Equivalent 


D4052 


D1209 


D850 or Equivalent 


D848 


D847 


D4045 


0853 


0849 


01492 


Visual 
01744 


01353 · 


Table 2.139” 3M SCOTCH-GRIP Solvents No. 2 and No. 3 (54) 


Typical 
Physical 
. Properties 


Solvent or Blend 


Flash Point 


Net Weight (Approx.) 
(Ibs./gal.) 


Solvent No. 2 


Petroleum Distillate 


N-Hexane and Toluene 


-14°F. (TCC) 
6.3-6.7 


Property 
Gravity, *API 


Pounds per gallon @ 60°F 


Visual 
Haze 
Color Saybolt 
Flash PM °F 
Viscosity, 104°F, cst 
Aniline Point, °F. 
Kauri-Butanol Value 
Distillation, °F 
Initial Boiling Point 
50% Recovered 
Final Boiling Point 
Pour, °F 
Sulfur, wt.% 
Mutation Assay 


Ultraviolet absorbance 


Table 2.140: Total Petroleum Special Solvent (52) 


HDF-201 


Test Method 
D-1298 


Appearance @ 70°F 
D-4176 

D-156 

D-93 

D-445 

D-611 

D-1133 

D-86 


D-97 

D-4294 

Ames Test. 
21CFR 178.3620(c) 


U.S. Dept. of Agriculture Authorization 


(1) ASTM Standard Test Methods 
(2) Modified Salmonella/Microsome 


*30 
206 
2.0 
Report 
Report 


425 
460 
480 
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Solvent No. 3 

MEK 

(Methyl Ethyl Ketone) 
20°F. (TCC) 
6.65-6.75 





Requirement 
40.0 Min/44.0Max 
6.71 Min/6.87Max 
Clear & Bright 

1 Max. 

+24 Minimum 

201 Min/211 Max. 
1.6 Міп/2.4 Мах. 


405 Міп/445Мах 
435 Міп/485 Мах. 
450 Міп/510 Мах. 
-10 Мах. 

005 Мах. 


Pass (negative) 


Pass 


Pass 
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Table 2.140: (continued) 


HDF 300 
Property Test Methodo) Typical Requirement 
Gravity, API D-1298 40 37.0 Min/41.0 Max 
Pounds per gallon @ 60F 6.83 Min/6.992 Max 
Visual Appearance @ 70F Clear & Bright 
Haze D-4176 1 Max 
Color Saybolt D-156 28 +20 Minimum 
Flash COC F D-92 275 265 Minimum 
Viscosity, SUS @ 104F D-2161 41 37 Min/44 Max 
Aniline Point, F. D-611 189 
Kauri-Butanol Value D-1133 23 
Distillation, F D-86 
Initial Boiling Point 530 480 Міп/550 Мах 
50% Recovered 560 540 Min/580 Max 
Final Boiling Point 605 580 Min/630 Max 
Benzene GC М.0.2) 
Mutation Assay Ames Test) Pass (negative) 
Ultraviolet absorbance 21СЕК 178.3620(c) Pass 
U.S. Dept. of Agriculture Authorization Acceptable 


(1) ASTM Standard Test Methods 
(2) Non-detectable with detection limit of 0.5 ppmw 
(3) Modified Salmonella/Microsome 


HEXENES 
Property Test Method Requirement 
Gravity, API D-1298 70 Min/80 Max 
Olefin Content, Vol. % D-1319 85 Minimum 
C, Hydrocarbons, Wt. % 0-5134% 97 Minimum 
Total Sulfur, ppmw D-4045 20 Maximum 
Total Chlorides UOP 395-79 5 Maximum 
Uniroyal Naugard (TM) BHT, ptb -- 10 


This product contains no other gasoline components or gasoline additives. 
(1) ASTM Standard Test Methods, unless otherwise specified. 


(2) Modified for carbon number separation of olefinic material. 
(continued) 


Table 2.140: (continued) 


P-P MIX (Refinery Grade) 


Property 


Vapor Pressure @ 100°F., 


Volatile Residue: 


Test 


psig 


Evaporated Temperature, 95% 


or 


Butane and Heavier Percent 


Residual Matter: 
Residue on Evaporation 


of 100 ml 


Oil Stain Observation 


Total Sulfur, ppmw 
Hydrogen Sulfide 
Corrosion Copper Strip 


Moisture Content 


Composition (Mole Percent): 


Propylene 
Propane 
Ethane and lighter 


(1) ASTM Standard Test Methods 
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220 FLASH SOLVENT 


Property 
Сгамйу, “АР! 


Pounds per gallon @ 60°F 
Visual 
Haze 
Color Saybolt 
Flash COC °F 
Flash PM °F 
Viscosity, 104°F, cst 
Aniline Point, °F. 
Kauri-Butanol Value 
Distillation, °F 
Initial Boiling Point 
50% Recovered 
95% Recovered 
Ріпа! Boiling Point 
Benzene 
Mutation Assay 
Ultraviolet absorbance 


Test Method(1) 


rest Method‘” Typical Requirement 
D-2598 206 213 Maximum 
D-1837 -40 -37 Maximum 
D-2163 0 - 1.0 2.0 Maximum 
D-2158 «.05 0.05 Maximum 
D-2158 Pass Pass 
D-4045 0-2 10 Maximum 
D-2420 Pass Pass 
D-1838 1 No. 1 Maximum 
D-2713 Pass Pass 
D-2163 
80 70 Minimum 
19 30 Maximum 
.1 1.0 Maximum 
Typical Requirement 
41 40.0 Min/44.0 Max 


D-1298 


Appearance @ 70°F 
D-4176 

D-156 

D-92 

D-93 

D-445 

D-611 

D-1133 

D-86 


GC 
Ames Test(3) 
21CFR 178.3620(c) 


U.S. Dept. of Agriculture Authorization 


(1) ASTM Standard Test Methods 
(2) Non-detectable with detection limit of 0.5 ppmw 
(3) Modified Salmonella/Microsome 


6.71 Min/6.87 Max 


Clear & Bright 
1 Max 
+30 +20 Minimum 
230 220 Minimum 
214 210 Minimum 
2.7 1.6 Min/2.8 Max 
174 
28 
460 450 Min/490 Max 
490 465 Min/515 Max 
515 470 Min/520 Max 
530 500 Min/560 Max 
N.D.(2) 
Pass (negative) 
Pass 
Acceptable 


Table 2.141: UCAR Soivents (19) 


Typical Physical Properties of UCAR Solvents 





























Relative Vapor Pressure Heat of Flash Point. Total Heat of Combustion 
Molecular — Density at Boiling Evaporation Rate 21 20 С, Vaporization at Closed Cup, Solubility 4125 Г. Viscosity 
Solvent Weight 20°C, Ib/gal Point, “C (Вийс- 100) mm Hg 160 mm Hg, BTU/Ib "Р Parameters Kcal/Mole at 20°C, cP 
Ethanol 46.07 6.76 78.3 333 45 361 58 12.78 - 326.85 1.2 
1-Ргорапо) 60.10 6.71 972 133 15 297 74 12.18 - 492.75 2.2 
Isopropanol 60.10 6.55 82.3 288 33 295 53 | 11.44 m 1479.44 ПРИЧИ 2.4 mu 
Е Вщапо! 7412 6.75 1177 44 4 254 95 11.60 ~ 639.60 3.0 
Ы Isobutanol 74.12 6.68 107.9 74 7 248 82 11.24 - 637,93 4.0 
1-Pentanol 88.15 6.79 1378 18 2 218 119 1083 790 _ 3.9 
2-Ethylhexanol 130.23 6.94 184.6 «1 «1 153 162 10.15 - 593.37 10.3 
ОНА 
Ethyl Acetate 88.11 7.51 772 147 76 155 30 8.91 - 537.50 0.5 
n-Propy! Acetate 102.13 739 101.5 279 26 144 58 8.80 693.37 0.6 
isopropyl Acetate 102.13 CN г ЕА | 47 моо раи ы: 
„ Butyl Acetate 116.16 7.34 126.2 100 15 135 84 8.69 828.60 0.7 
= Isobutyl Acetate 116.16 7.24 118.0 172 4 131 62 8.43 - 0.7 
Primary Amyl Acetate 130.19 7.29 Е 146.0 49 2 211 101 _ 8 34. 5. 1058.00: ИН 0.9 _ 
Methyl PROPASOL® Acetate 713216 8.09 145.7 34 3 - 116 8.43 - 12 
Buty! CELLOSOLVE® Acetate 160.21 784 192.3 3 «1 118 165 891 - 1122.38 1.8 
UCAR® Ester EEP 146.19 7.91 169.7 1 <1 - 136 9.00 - 1.3 
Й 
, __ Buty! CELLOSOLVE® Solvent 118.18 751 171.2 6 «1 158 150 987 9425. 64 _ 
3 Methyl CARBITOL? Solvent 120.16 8.51 194.0 «1 «1 170 188 11.15 - 3.9 
В  CARBITOL® Solvent 134.18 8.25 202.7 <1 <1 151 182 10.34 878.84 4.5 
— _ Butyl CARBITOL? Solvent 162.23 796 230.6 < <1 132 214 979 . 1190.58 65 
т=з== a a ier ee e E ке ыы ыла ыл D RR T E осу. 
Acelone 98.08 6.59 56.3 1440 185 219 0 9.62 427 77 0.3 
Methyl Ethy! Ketone 7241 6.71 79.6 631 71 187 24 9.4^ - 582 80 0.4 
ü Methyl Isobutyl Ketone 100.16 6.67 116.1 162 15 147 61 858 735.60 0.6 
8 Methyl n-Amyl Ketone 114.19 а __ 6.81 Е 151.5 mE _ 2 о м _ (во ‚985.19 0.8 
Diacetone Alcohol 116.16 7.82 169.2 12 4 154 17 9.78 84/40 3.2 
ізорпогопе ||" 138.21 767 215.3 2 «| 135 179 945 1234.35 2.6 
Qiisobutyl Ketone 142.24 6.72 169.4 17 і 119 118 ИШ 





1259.20 10 
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Table 2.141: (continued) 


Hydrocarbon Solvents 


UCAR Solvents for Electrostatic Coatings* Resistivity (Megohms) 


Alcohols 


Ethanol (200 proof) 
Primary Amyl Alcohol 
1-Propanol 

Butanol 

Isobutanol 
15оргорапо! (апвудгоиз) 
2-Ethylhexanol 


Glycol Ethers 


CARBITOL” Solvent (tow gravity) 
Methyl CARBITOL* Solvent 
Butyl CELLOSOLVE" Solvent 
Butyl CARBITOL" Solvent 


0.03 
0.10 
0.18 
0.18 
0.18 
0.35 
8.00 


0.03 
0.03 
0.06 
0.13 


Esters 


Butyl CELLOSOLVE™ Acetate 
Butyl Acetate 

Isobutyl Acetate 

lsopropy! Acetate 

n-Propyl Acetate 

Ethyl Acetate 

Primary Amy! Acetate 


Ketones 


Acetone 

Diacetone Alcohol 
Isophorone 

Methyl Ethyl Ketone 
Methyl isobutyl Ketone 
Methyl n-Amy! Ketone 


Diisobuty! Ketone 


3.00 
3.50 
9.00 
7.00 
10.00 
18.00 
>20.00 


0.04 
0.06 
0.08 
0.13 
0.45 
075 
1.50 


Surface Tension Reduction of a Higher Solids Acrylic Resin (79) 


Surface Tension, dynes/cm 





ч. 


Methyl n-Amy! Ketone/Diisobutyl 
Ketone (50/50) 


20 


- 


EE 


~~ Methy! n-Amy! 


~ 


м е 


30 40 


Ketone Added. "a by wt 


Ketone | 
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Table 2.141: (continued) 


Surface Tension of UCAR Solvents (79) 


Ketones 


Esters 


Glycol 
Ethers 


Solvent 

Diisobutyl Ketone 

Methyl isobutyl Ketone 
Methyl Ethy! Ketone 

Methyl n-Amyl Ketone 
Diacetone Alcohol 
Isophorone 

Isopropyl Acetate 

isobutyl Acetate 

Ethyl Acetate 

n-Propy! Acetate 

Primary Amy! Acetate 

Buty! Acetate 

Butyl CELLOSOLVE® Acetate 
Buty! CELLOSOLVE® Solvent 
Butyl CARBITOL® Solvent 
Methyl CARBITOL® Solvent 


Surface Tension. 
dynes/cm 
22.2 
23.6 
24.6 
26.1 
31.0 
32.0 

223. 

23.6 
23.7 
24.3 
29.2 
25.4 
27.4 
28.6 
31.0 
35.9 


Influence of Letdown Solvents’ (19) 


Coating Surface Tension, 


Solvent dynes/cm 
Diisobutyl Ketone 39.0 
Diacetone Alcohol 44.0 
lsopropanol 46.5 


Ethylene Glycol 55.5 


Solvent Surface Tension. 
dynes/cm 
22.5 
31.0 
21.4 
48.4 


(1) Industrial Higher-Solids Coatings, Present and Future, A. Heitkamp, et al, 
High Solids Coatings, December 1980. 


Table 2.142: Unocal Aliphatic and Aromatic Hydrocarbons (13) 


Aliphatic Hydrocarbons 


Preduct Name 


Rubber Solvent 
Textile* Spirits 





Hexane 
Heptane 
Lactol* Spirits 
Roto Solv 


Chemical Abstraci 


Service 


5 
& 


64742.89.8 
__ 64741-84-0 
110-54-3 
142-82-5 
64742-89-8 
8032-32-4 





Special Naphtholite* 66/3 (VM&P) 


Naphthol Spirits 66/3* 
Regular Mineral Spirits 
Mineral Spirits 75* 


Mineral Spirits 66/3* 


1-K Kerosine 


Odorless Mineral Spirits 


460 Solvent 
142 Solvent 66/34 


8032-32-4 
8052-41-3 
2-41-3 
8052-41-3 
8052-41-3 


А 


| 
1 


8052-41-3 


8052-41-3 


Mineral Spirits 150 66/34 


® Registered Trademark of Unocal 


_ 8052-41-3 


* Meets Dry Cleaning Fluid Specification PD680, Type 1. 
t Meets Dry Cleaning Fluid Specification PD680, Type П. 


Aromatic Hydrocarbons 


nn | 


Produci Name 


Toluene 

Xylene 

Super Hi-Hash Naphtha 
Solv G 


Chemical Abstract 
Service Kumber 


108-88-3 
1330-20.7 
64742-95-6 
64742-94-5 





Gravity 60°F (15.56°C) 
API SpecHic лда! 


718 0696 5.79 
776 0.677 563 
778 0676 5.63 
719 0696 5.79 
579 0747 622 
618 0732 6.09 
549 0.759 632 
50.9 0776 646 
48.1 0.788 656 
490 0.784 6.53 
504 0.778 648 
412 0819 6.82 
543 0.762 6.34 
438 0807 6.72 
467 0794 661 








Distillation Range, °F (°C) 





46.4 0.795 6.62 


АР 
30.8 0.872 
30.9 0.871 7.25 
306 . 0.873 7.27 
26.2 0.897 7.47 


7.26 





























% Hydrocarbon Composition 
ВР ОР “one и ааа RT ие CO) P. re Parattins  Cycloparattins 

118 (47.8) 275(1350) 4 180 0.0013 61 141 (60.6) 34 <0 4 75 21 
149 (65.0) 183(798) 115 00013 вв 147 (63.9) 29 <0 «1 89 11 
151 (66.1) 158700) | 140 0.0015 | 81 151 (66.1) 30 <0 ма 89 11 
199 (93) 210 (98.9) 45 оооп 45 155 (68.3) 30 15 Ni во 11 
202 (94.4) 222 (105.6) 40 0.0011 - 39 109 (42.8) 42 20 12 42 46 
241 (1161) 2491206) 17 0.0011 17 145 (62.8) За 45 5 60 35 
265 (126.7) 291 (143.9) 5.2 оооп 10 143 (61.7) 35 65 «1 42 57 
318 (158.9) | | 355 (1794) _ 29 0.0008 0.21 152 (66.7) 33 105 <] 44 55 
315 (157.2) 385 (1961) 31 0.0009 0.12 133 (56.1) 37 108 16 46 38 
315 (157.2) 395 (201.7) 3.0 0.0009 0.13 148 (64.4) ЗА 107 <8 48 44 
321 (160.6) || 382 (1944) 26 0.0009 — 0.13 155 (68.3) 33 108 e 47 52 
345 (173.9) 525 (2739) 18 00010 0.01 144 (62.2) 34 145 18 41 Т 
358 (181.0) 407 (2080) 12 0.0011 0.17 188 (87.0) 26 125 Nil 994 Nil 
372 (188.9) | 503 (261.7) «1 0.0009 0.02 153 (67.2) 33 140 8 56 36 
378 (192.2) 401 (2050) <i 00009 0.08 162 (72.2) 31 145 <1 45 54 
384 (195.6) 408 (2089) <1 0.0009 0.07 161 (71.7) 32 154 ^|] 44 55 


Distillation Range, °F (°C) 


230 (110.3) 
280 (137.7) 
315 (157.2) 
363 (183.9) 


231 (110.8) 
285 (140.7) 
347 (175.0) 
413 (211.7) 


Mineral Spirits (Stoddard Solvent) type 


per ASTM D 235-96 


Naphthol Spirits 66/3 IV C 
Regular Mineral Spirits ГА 
Mineral Spirits 75 1B 
Mineral Spirits 66/3 ІС 
Odorless Mineral Spirits ис 
142 Solvent 66/3 "nc 
Mineral Spirits 150 66/3 ПС 


Vapor Pressure Сосед 


ем of Expansion 

mmHg {Per °C) 

23.8 0.0011 
6.6 0.0010 
2.7 0.0008 
<1 0.0008 


FDA regulation (21 CFR): 


Нехапе 175.105 
Heptane 172.882, 175.105, 178.3530 
Special Naphtholite 66/3 (VM&P) 172.882, 175.105, 178.3530 
Naphthol Spirtts 66/3 175.105, 178.3620, 178.3910 


Mineral Spirits 66/33 172.882, 172.884, 175.105, 178.3910 


The following products meet, at a minimum, the UV requirements of 


Odorless Mineral Spirits 172.882, 175.105, 178.3650, 178.3910 
142 Solvent 66/3 175.105, 178.3620, 178.3910 
Mineral Splrits 150 66/3 175.105, 178.3620, 178.3910 


Retativa Evap. Fate — Antias Cloud PL. 


Hish = 1 *t (*C) 
1.90 48 (8.9) 
0.80 50 (10.0) 
0.37 56 (13.3) 
0.13 60 (15.6) 


Kagri-Butanei 
Мше 


105 
98 
91 
94 


Баз Рона, 
TEC. "F 
45 
81 
112 
149 


% Hydrocarbon Composition 
Aromatics Paraffins Cycloparaffin 
100 Ni Nil 
100 Ni Nil 
100 ма Мі 
100 ма Nil 
(continued) 
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Table 2.142: (continued) 


PRODUCT DESCRIPTION 


MINERAL SEAL OIL 


Unocal Hydrocarbon Sales Mineral Seal Oil is a highly refined, 
hydrotreated paraffinic light oil that is water-white in appearance. 


Properties include a very low odor, 
This product meets 21CFR178.3620(c). 


pour point. 


PRODUCT CODE 

API GRAVITY (60/60 F) 
DISTILLATION, IBP 
DISTILLATION, 50% 
DISTILLATION, END POINT 
SPECIFIC GRAVITY (60/60 F) 
DENSITY e 60 F (15.6 C) 
VISCOSITY, 40C 
VISCOSITY, 100C 
VISCOSITY, 100Е 

ANILINE POINT 

FLASH POINT (COC) 
COLOR, SAYBOLT 

AROMATIC CONTENT 

SULFUR CONTENT 

CLOUD POINT 

APPEARANCE @ 70 DEGF 
POUR POINT 


PRODUCT DESCRIPTION 


Unccal Hydrocarbon Sales Retardsol is a water-white kerosine that 
Kerosine consists primarily of 


DEGF 
DEGF 
DEGF 
DEGF 


LB/GAL 
cst 
cst 


DEGF 
DEGF 
SAYBOLT 
WT% 

PPM 
DEGF 


DEGF 


low aromatic content and low 


Specifications 


2540 


0.830-0.860 
6.93-7.18 
3.0-4.0 


36-40 
248 MIN 
+20 MIN 


-4 MAX 
Clear & Bright 
-6 MAX 


RETARDSOL 


meets ASTM 2-K specifications. 


C10-C16 aliphatic and aromatic hydrocarbons and is widely used as 


heating oil and diesel fuel. Because of its high solvency and high 


Typical 
Properties 


° ASTM 


Test 


D-287 
0-86 
0-86 
0-86 
р-1298 
CALC'D 
D445/216 
D445/216 
D445/216 
D-611 
D-92 
D-156 
GC 
D-4084 
D-2500 


D-97 


fiash point Unocal Hydrocarbon Sales Retardsol finds many commercial 
applications in general cleaning solvents and in agricultural sprays. 


Specifications and typical properties are listed below. 


MANUFACTURER 

PRODUCT CODE 

APT GRAVITY (60/60 F) 
DISTILLATION, IBP 
DISTILLATION, 10% 
DISTILLATION, 50% 
DISTILLATION, DP 


DEGF 
DEGF 
DEGF 
DEGF 


SPECIFIC GRAVITY (60/60 F) 


DENSITY @ 60 F (15.6 C) 
VAPOR PRESSURE @ 20 С 
VISCOSITY е 20 с 


KAURI-BUTANOL VALUE (KB) 


ANILINE POINT 
FLASH POINT (TCC) 
COLOR, SAYBOLT 
DCCTOR TEST 


CORROSION, 3 HRS G 212 F 


PARAFFINS 
CYCLOPARAFFINS 

AROMATIC CONTENT 
BENZENE CONTENT 

OLEFINS 

SULFUR CONTENT 
REFRACTIVE INDEX е 20 С 
SOLUBILITY PARAMETER 


LB/GAL 
mmn Hg 
cst 


DEGF 
DEGF 


VOLS 
VOLS 
VOLS 
VOLS 
VOLS 
МТУ 


Specitications 


LEMONT REFINRY 
2019 
39-51 


347-400 
450 МАХ 
550 МАХ 


110 MIN 
+22 MIN 


20 MAX 


0.20 МАХ 


(cal/cc)1/2 


Typical * ASTM 

Properties Test 
40.7 D-287 
320 р-86 
390 р-25 
430 р-86 
510 0-86 
0.8215 р-1298 
6.84 CALC'D 
0.1 
2.117 D-445 
34 D-1133 
141 0-611 
123 0-56 
27 0-156 
NEGATIVE D-235 
1A D-130 
42 GC-MS 
38 GC-MS 
19 GC 
0.01 D-2600 
0.5 0-1159 
0.03 0-4084 
1.4952 0-1218 
7.9 
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Table 2.143: Vista LPA Solvents (40) 


Typical Properties of Vista LPA Solvents 


- Vista Vista Vista Vista Vista 

Typical Properties LPA LPA-110* LPA-142  LPA-170 LPA-210 Vista-47 

Distillation Range, °F, 

IBP 362 335 368 413 465 464 

10% 388 340 372 420 474 472 
20% 392 341 373 422 475 474 
50% 412 345 377 424 479 479 
90% 460 355 386 431 495 497 
95% 476 360 389 434 506 508 

EP 516 385 405 458 539 531 
Flash Point, 

Tag Closed Cup, ^F 148 112 146 178 — — 

Pensky Martens, °F — -- -- -- 226 228 
Freeze Point, °F -90 <-103 <-103 -81 -43 0 
Pour Point, °F -95 <-112 <-112 -92 -45 0 
Specific Gravity 60°/60°F — .809 794 4809 811 ‚823 812 
Density, ibs/gal.@ 60°F 6.75 6.63 6.75 6.77 6.87 6.78 
Average Molecular Weight 167 141 152 17i _ 194 197 
Average Composition 

% Paraffinic 46 25 27 58 65 72 

% Naphthenic 54 75 73 42 35 28 

% Aromatic 0.2 0.1 0.2 0.5 0.6 0.7 
Color, Saybolt Universal +30 +30 +30 +30 +20 +20 
Relative Evaporation Rate 0.02 0.19 0.09 0.03 0.004 <0.004 

(n-Butyl Acetate=1) 

Vapor Pressure, mm Hg | 

100°F 1.0 2.0 11 0.37 0.10 0.10** 
Viscosity, cSt 

70°F 22 14 1.8 2.4 3.8 3.8 

100°F 1.6 1.1 1.4 1.8 2.6 2.6 
Aniline Point, °F 160 137%“ 14279 160 170 180 
Kauri Butanol Value 32 36 35 32 29 21 
Solubility parameters**, 

(Cal/cm?) ?? 8.1 8.0 8.1 8.1 7.9 7.8 
Bromine Number «2 «A <2 <.2 <.2 <.2 
Carbonyl, as C=O ppm <10 <10 <10 <10 <10 <10 
Nitrogen, ppm <! <1 <1 <1 <! <! 
Sulfur, ppm «1 <l <i «1 <1 <1 

. Water, ppm «50 «50 «50 «50 «50 «5o | 


Vista MR Solvent (40) 


Description 


Vista MR Solvent is a highly refined hydrocarbon in the kerosene boiling range. It is colorless, has a mild odor, 
low viscosity, and a typical aromatics content of 15%. MR Solvent has an extremely low sulfur and nitrogen 
content. The unique process used to produce MR Solvent yields low levels of normal paraffins. Consequently, MR 
Solvent has a higher solvent strength and lower freeze point than competitive solvents with equivalent boiling 





ranges. 
Distillation Range, ^F, (ASTM D-86) Color, Saybolt Universal 
IBP 370 Relative Evaporation Rate 
1096 390 (n-Butyl Acetate-1) 
20% 400 Vapor Pressure, mm Hg 
50% 420 100°F 
9095 475 
95% 480 Viscosity, cSt 
EP 510 mt 
100°F 
Flash Point, 
Tag Closed Cup, °F 148 Aniline Point, °F 
Pensky Martens, °F 154 Kauri Butanot Vaiue 
Freeze Point, °F <-90 Solubility parameter * (Cat/cm?) °5 
Pour Point, °F «95 Celane Number 
Bromine Number 
Specific Gravity 60°/60°F 0.817 Carbonyl, as C=0 ppm 
Density, lbs/gal. @ 60°F 6.82 Nitrogen, ppm 
Average Molecular Weight 170 Sulfur, ppm 
Average Composition Water, ppm 
% Paraffinic 45 
% Naphthenic 40 “Estimate 


% Aromatic 15 (continued) 


102 Industrial Solvents Handbook 


Table 2.143: (continued) 


Description: 


Vista C14 Normal Paraffin 


Vista Cy 4 n-paraffin is a high purity, linear saturated paraffin. It is a clear, low odor, low viscosity liquid. 


es 

Total n-paraffin, Wt.96 
Hydrocarbon Distribution (Wt.96) 

<C13 

С14 

2C15 
Average Molecular Weight 
Aromatics, Wt.% 
Bromine Number 
Color Saybolt 
Specific Gravity, 15° C/15° C 
Density at 60° F, Бура! 
Flash Point, (PM) °C/ °F 
Melting Point, °C/ °F 
Viscosity cSt @ 40° C/104° Е 
Distillation Range, °C/ °F 


ІВР 
ЕР 


Арреагапсе 


Description: 


Vista C1416 n-Paraffin Solvent 


Specification 
96.5 


11 max 
87 min 
2.5 max 
1.5 max 
0.04 max 
+20 min 


93/200 min 


Typical 
96.5-98.0 


6-10 
87-90 

1-2 
197-201 
0.9 

0.025 
+25 - +30 
0.768 
6.40 
109-1 14° C/229-237° F 
4/40 

2.1 


244/472 
251/484 
Clear Liquid 


Vista C1416 n-paraffin is a high purity, linear saturated paraffin blend of various molecular weights in the 
C13-C17 carbon range. It is aclear, straw colored, low odor, low viscosity liquid. 


Properties 

‘Total n-Paratfin, we. % 
C13 and Lower 

С14 

С13 + С14 

C15 

C16 

C17 + 

Average molecular weight 
Aromatics, wt, % 
Bromine Number 
Color, Savbolt 
Specific Gravity, 25°C 
Flash point, °F 
Melting Range, °C 
Viscosity @ 100°F cSt 
Distillation range, °F 
ІВР 

50% 

95% 

ЕР 


Appearance 


Specification 
96.5 
5.0 max 


| 
t— 
о 
3. 
в 


Турка! 
97.0 

1.0 

26.5 

535 

14.0 

5.0 

211 

0.9 

0.025 


+ 10 


0.775 
250 

8 

2.7 


487 
493 
511 
547 


Clear 
Straw 


Liquid 


Halogenated Hydrocarbons 


CHLORINATED HYDROCARBONS 


Table 3.1: Allyl Chloride (7) 


3-Chloropropene-! 


СНо==СНСН2С! 


PHYSICAL PROPERTIES 


Boiling point 

Fire point 

Flash point 

Latent heat of vaporization 
Specific gravity @25/25°C 
Specific heat 

Refractive index @25°C 
Viscosity @25°C 

Weight per gallon @25°C 


45°C 

4*C 

4°C 

84.6 cal/g 
0.933 

0.31 са1/4/ “С 
1.412 

0.33 сепиро: ве 
7. 8 lb 


Table 3.3: Mixed Amy! Chlorides (7) 


Acidity as HCl 


Amylene and pentane content 


Boiling point (approx. ) 
1-Chloropentane 
2-Chloropentane 
3-Chloropentane 


1-Chloro-2-methylbutane 
4-Chloro-2-methylbutane 
3-Chloro-2-methylbutane 
2-Chloro-2-methylbutane 


Table 3.2: n-Amyl Chloride (7) 


| -Chloropentane 


CH3CH2CH2CH2CH2CI 


PHYSICAL PROPERTIES 


Acidity as HCl 

Amylene 

Boiling range 

Distillation 

Flash point 

Other hydrocarbons 
Polychlorides content 
Solubility in water 
Specific gravity @20/20°C 
Weight per gallon 


C5H11CI 


PHYSICAL PROPERTIES 


0,03% max, 
3. 0% max. 


108, 2*C 
96. 7*C 
97. 3*C 
99.9°C 
98. 8“ С 
93.0°C 
86.0°C 


Distillation range 


Evaporation rate @108°F: Minutes 
1.30 
1.67 
4.30 
6. 58 


Flash point (O. C.) 
Kauri-butanol value 
Solubility in water 

Specific gravity @20°C 
Vapor pressure @20° 
Water azeotrope @77-82°C 
Weight per gallon 


103 


0, 025% max. 

1% max. 

105-109“С 

95% between 104, 9-108. 9°C 
54°F 

None 

None 

Insoluble 

0. 885 

7. 38 lb 


95% between 85-109 °С 


25% 
50% 
75% 
100% 


34°F 

71 cc 

Negligible 

0.88 

42. 8 mm 

90% C,H;,C1 (approx. ) 
7. 33 1b 
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Table 3.4: Benzyl Chioride (7) 


a-Chlorotoluene 


СеНа--СНо--С! 


PHYSICAL PROPERTIES 


Distillation range 


Not more than 2° 
including 179. 4°C 


Freezing point -43°C 
Molecular weight 126. 58 
Refractive index ND 1. 5365 
Specific gravity @15.5°/15.5°C 1.107 

Weight per gallon @15.5°C 9.23 lb 


Table 3.5: n-Butyl Chloride (7) 


PHYSICAL PROPERTIES 


Acidity 0.01% max. до B.P. *C of Azeotrope 
Boiling point @760 mm 78°C 
80 Acetone 55.8 
Distillation range Not less than 95% 
Ъесмееп 76. 0-79. 5 "С 1.9 n- Butyl alcohol 77.7 
Flash point (O. C.) 20*F 57 n- Butyl nitrite 76.5 
Latent heat of vaporization @76.5°C 79.8 cal/g 35 Ethyl acetate 76.0 
Melting point -123.1*C 20. Ethyl alcohol 65.7 
Refractive index @20°C 1. 4004 4 Isobutyl alcohol 17.7 
Solubility in water Negligible 62 Isobuty! nitrite 66. 2 
Specific gravity @20/4°C 0. 884 23 Isopropyl alcohol 70.8 
Specific heat @20°C 0.451 cal/g 29 Methyl alcohol 57.0 
Surface tension (020*C 23. 66 dynes/cm 38 Methyl propionate 76.8 
Water content None 40 Methyl propyl ketone 77.0 
Weight per gallon 7. 37 lb 16 Nitromethane 75.0 
18 n- Propyl alcohol 74.8 
38 n-Propyl formate 76.1 
6.6 Water 68. 1 
Table 3.6: sec-Butyl Chloride (7) 
98.0* 
FORMULA A PROPERTIES GRADE 
CH, -CH -сн, - сн. 
Specific gravity of liquid at 60/60 F | 0.879 
98.0% а 20/4 С | 055 ______ 
FRUSERTIES GRADE API gravity at 60 F О _____ 
Density of liquid at 60F, Ibvgi =| 732 
Composition, weight percent Refractive index, 20/D ..l395 
secondary-Buty! Chloride 99.5 Color, Saybolt_ Деси 
Butenes 05 Acidity, distillation residue а eae! 


n-BUTYL CHLORIDE FORMS AZEOTROPES WITH: 














Purity by freezing point, mo! % 
Freezing point, F "m 
Boiling point, F 


Nonvolatile matter, grams/ 100 ті 2 MM 





Distillation range, F 


Initial boiling point 151 

10* Condensed LLL 

50% Condensed — 19 5. 
90% Condensed 

Dry point 156 


___СојогАфрћа |250 Цф 
Flash point, approximate, F 1 <8 — rs 
Flammability limits, volume *& inair | — 0 I 

Lower ОФ A E Sait az atest кесер 
Higher 


*Literature values. 


Table 3.7: Butyryl Chloride (27) 


Butanoyl Chloride 
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C3 Н”СОСІ 


Butanoyl chloride is a clear colorless liquid with a characteristic 
pungent odor. lt reacts with water and alcohol and is infinitely 


soluble in ether. 
butyryl! group. 


PHYSICAL PROPERTIES 


Molecular Weight 

Freezing Point 

Boiling Point 

Distillation Range 

Refractive Index n20/D 
Specific Gravity, 15.5°/15.5°C 


Pounds per Gallon at 15.5°C 


Table 3.8: Caprylyl Chloride (27) 


Octanoy! Chloride 


It is used for organic synthesis to introduce the 


106.5 

“89°С 

102°С 

100° to 110°C 
1. 4121 

1.028 


8.56 


сн. (СН, ) СОС! 


Capryly! chlaride is a water-white to straw-colored liquid with a 
pungent odor. it usually contains small! quantities of hexanoy! and 


decanoy| chlorides. 


PHYSICAL PROPERTIES 


Molecular Weight 

Chlorine Content (typical) 
Freezing Point 

Pour Point 

Distillation Капде (1) 

Refractive Index, n20/D 

Flash Point (Cleveland open cup) 
Fire Point (Cleveland open cup) 
Specific Gravity, 15,5*/15.5*C 
Pounds per Gallon at 15, 5*C 


Density Correction Factor, gm/cc/1"*C 


Coefficient of Cubical Expansion at 15,5*C/1*C 


(1) Typical ASTM distillation to 90%. 
beyond this point. 


162.7 
21.8% 
<-70 °С 
(-T0*C 
183* to 212*C 
1.4357 
82*C 
87°C 
0. 955 
7. 96 
0.00085 


0.00096 


Decomposition occurs 


Table 3.9: Carbon Tetrachloride (7) 


PHYSICAL PROPERTIES 


Acidity as HCl 

Boiling point @760 mm 

Boiling range 

Coefficient of cubical expansion 
Av./°C, liquid 

Dielectric constant, 1000 cycle 

Electrical conductivity 

Fire point 

Flash point 

Freezing point 

Heat of fusion 

Heat of vaporization 

Power factor, 1000 cycle 

Purity 

Refractive index @20°C 

Residue 

Solubility in water @20°C 


Solubility of water in solvent 


@20°C 
Specific gravity @25/4°C 


Specific heat 
Liquid, 25° 
76. B*C 


Specific resistivity 

Thermal expansion per °C 
Vapor density (B. P., 760 mm) 
Vapor pressure @ 30°C 
Viscosity liquid @ 20°C 

Weight per gallon @25°C 


None 
76.7°C (170. 1°F) 
Within 1°C 


0.00127 


2.24 

4х 107 recip. ohm 
Nonflammable 
Nonflammable 
-23°С 

4.2 cal/kg 

46.5 cal/g 

0.0579, 

99.99% min. 

1. 4607 

0.0010% by wt, max. 
0.08% by wt 


0. 008 % by wt 
1. 5845 


0. 1995 cal/g/*C 
0.2157 cal/g/ “С 


3.8 x 10"? онт/ст 

0. 12755 (of liquid Q158*F) 
5. 37 g/liter 

140 mm 

0. 96 centipoise 

13. 22 lb 


Tetrachloromethane CCl, 


НЕ 
Ep 





VAPOR PRESSURE - INCHES OF MERCURY 


Temperature-Vapor Pressure Curve 
for Carbon Tetrachloride 


Carbon Tetrachionde 
Water Content vs. Cloud РІ. 








Water, ppm by Weight 











CARBON TETRACHLORIDE FORMS AZEOTROPES WITH: 


% 


88. 5 


21 
11.5 
71 
4.5 
2.5 
7.6 


24 
35 
21 
43 
15. 85 
15.5 
81.5 
5.5 
12 
20.56 
25 
1? 
11.5 
31 
4,1 


Acetone 
Acetonitrile 
Acetic acid 
Acrylonitrile 
Allyl alcohol 

2- Butanone 
tert-Amyl alcohol 
Butyl alcohol 
sec- Butyl alcohol 


tert- Butyl alcohol 
Butyl nitrite 

1, 2-Dichloroethane 
Ethyl acetate 
Ethyl alcohol 
Ethyl nitrate 
Formic acid 
Isobutyl alcohol 
Isopropyl alcohol 
Methanol 

Methyl propionate 
Nitromethane 
Propyl alcohol 
Propyl formate 
Water 


В.Р. 


"С of Azeotrope 


56. 


71 


76. 55 
66. 
72. 
73. 
76. 
76. 
74. 


70. 
74. 
75, 
74, 
61. 


75 


66. 65 
75, 


69 


55. 


76 


714 
73. 
74. 


66 


4 


2 
3 
8 
6 
6 
6 


5 
8 
6 


8 


1 


8 


7 


3 


1 
6 


901 


уоодрирн sjuaajos jo1asnpuy 








Table 3.10: Chlorinated Butane Derivatives (73) 


Halogenated Hydrocarbons 


Physical Properties of Intermediates and Products 





-.. ----- 
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с nd B.P., Press., Density Refractive Chlorine, %! 

mpm *C., corr. mm, 42: Index, ND Found Calcd. 
1 -Chlorobutane 77. 5-78. 5 745 1. 3995 
1, 1-Dichlorobutane 114. 8-115. 1 752 1.0797 1. 4305 
1, 2-Dichlorobutane 122. 9-123. 3 743 1.1118 1. 4425 
1, 3- Dichlorobutane 133. 0-133.2 744 1.1083 1.4414 
1, 4- Dichlorobutane 154.1-154.2 749 1.1324 1.4522 
1, 1, I- Trichlorobutane 133.1-133. 3 750 1.2242 1. 4483 65. 76 65. 88 
1, 1, 2- Trichlorobutane 156. 3-156. 8 746 1.2787 1. 4667 65.95 65. 88 
1, 1, 3- Trichlorobutane 153. 2-153. 8 750 1.2514 1.4593 65.92 65. 88 
1,1, 4- Trichlorobutane 183.6-183.8 754 . 1. 2967 1. 4753 65. 92 65. 88 
1,1,1,2- Tetrachlorobutane 69.1-69.4 20.0 1. 3952 1. 4812 72.63 72. 39 
1,1,1, 3- Tetrachlorobutane 69. 5-69. 8 20.0 1. 3747 1. 4772 72.18 72. 39 
1,1,1,4-Tetrachlorobutane 86. 8-87. 1 20.0 1. 4001 1. 4858 72.81 72. 39 
1,1-Dichloro-1-butene 103. 3-103, 5 747 1. 4465 56. 211 56. 74 
a-Chlorobutyraldehyde 106-108 740 1, 441 35. 38 33.28 
n- Butyryl chloride 101-101. 53 745 1. 4098 
a-Chlorobutyryl chloride 51.5-51.7 40.0 1.4410 
B-Chlorobutyryl chloride 53,0-53. 3 20.0 1, 4477 
y-Chlorobutyryl! chloride 71.9-71.2 20.0 1, 4597 
Ethyl a-chlorobutyrate 64. 2-64, 4? 20.0 1. 4202 
Ethyl 8 -chiorobuty rate 69. 9-70. 15 20.0 1.4222 
n-Propyl acetate 101-102 745 1. 3823 
1 -Chloropropyl acetate 48, 6-48. 8 20.0 1. 4143 
2-Chloropropyl acetate 57.1-57.6 20.0 1. 4205 
3-Chloropropyl acetate 58. 4-58, 8 10.0 1. 4275 
n-Propyl chloroacetate 52.6-52.8 19.0 1. 4233 


! Chlorine analysis by reaction with sodium diphenyl in dimethyl'Cellosolve [L. M. Liggett, Anal. Chem, ,26, 748(1954)]. 
* Av. of three analyses (56.17, 56.22 and 56, 25%). 
+ Uncorrected. 


Table 3.11: Chlorinated Hydrocarbons (13) 


se [oe [we [em очи 
аге 
12.31" 0097 | 1.4455 
КЗ ЕСЕШЕЕГТЕСІГІНІЕСЛЕЗЕН ТІЛІГІН 
Cua ue pe pas | — [7 [7 [inm n [m 
RTI ee] pe м 
sacar 

| 250 4 | 

2 | 

2 | 


Carbon Tetrachloride 1.589* 


1,1,1, Trichloroethane 1.319“ 


Chloroform Tech 1478“ 


-4 


Ethytene Dichloride 1.252“ 


Methylene Chioride 1.320“ 


Monochlorobenzene 1.105“ 








Orthodichlorobenzene 
вова пее | vous | aso ЕС но | | оо аот зое 
ТИИ oe | oem во [- [ме 
Weeweww | тєє [тш {зв ве [ве [|| | ра 
поет ви f eu woo ofe] | 1 Дочо Тоа [raro 
* Detd. at *Detd. at "ред. at "Ома аг "Ова а *Detd. at 
25 С ж С 100“ С 25/90 С 25720 С 25/20°С 
Table 3.12: Chiorinated Organic Solvents (69) 
Specific Dist. Range °F Flash 
Gravi = Жын Pt. °F 
20°/20° С ІВР рр тос 
Carbon Tetrachioride 1.584 169 171 Мопе 
Chloroform 1.485 140 143 None 
Ethylene Dichloride 1.255 181 183 70 
Methylene Chioride 1.366 103 105 None 
Monochlorobenzene 1.113 268 271 84“ 
Orthodichlorobenzene 1.313 355 361 170 
Perchlorethylene 1.627 247 25! None 
Trichlorethylene 1.455 187 190 None 
1,1,1-Trichloroethane 1.316 162 190 None 


аа ли ER i ee = 1 И 
*TCC 


Table 3.13: CHLOROWAX Liquid Chlorinated Paraffins, Waxes, and Alpha Olefins (27) 


CHLOROWAX Liquid ^ SP.GR. ТОКЕ5 | РОЗЕ | SUS БЕСТІ | Color Water | Ме. ЈОО HCl моми. 


--+--- ----- ------- -- - ++ нож Нр a -— tpm т 








ва ара (M а 


Gades ФЖС вео | Феб Mak, |e Mak М рәт. 



























_ мл тын | P 
ОК Е И НЕ Е на аео о Жа ы ЕК D | ———————MÀHÁ E" 
LV | 1. 110-1128 54-90 | 6.0-10.0 50-100 1,350 | 4 | 01 350-395 0.50 max 
ше р ЕЕ Е жирене bie tee eae ke кыс сес да» | СТ S Vui ана = | сонда РЦ а маен ао е 
100 © 11131431 | 1.8-2.6 | 20430 1 5060 | 450 4 0 01 | 392-410 | | 050 тах 
40 7116-1185 19-27 | 4 0.1 41.0-445 | 0.50 тах 
i НА е eme сал es — _ 959 тах | 
ле Рт Е 
42-170 2 1.170-1.180 | 28-37 | 32-44 | 150-185 | 5,200 8 0.1 41-425 | 0.50 тах 
45-225 с 1.2103 7 55550 | 68-111 | 205-245 | 11,000 | во 0.1 45-46.5 zi ca. | 10 | 596 








451М 2108-1115 Л0-20 — | 11-22 | 33 | 58 | 2 | 01 |4044 | —025max 10 | 273.5 


$-45 ^0 1155-.175 ^ — 13-19 | 1.5-2.2 | 45-52 NA | 0.1 43-45 | 0.25 тах 10 360 
0.1 ‚ 51.5-52.5 | 0.25 тах | 10 | 440 
1 os г ща , 








зона ды —— ен а нс Ld 


2 "“.--. оо тет 


9-52 . 1255-1267 | 9-15 | 120: 6380 NA 


снаа en та сн Sate oy Ve Sore транс ae ———— 


50 _ 1223124 | 7015 | 85-168 ` 235-300 22: 10,000-16,000 














0.1 | 46-50 го 0.50 max 10 | 648.5 

= | а 
0.1 | 49-51 
0.1 | 50.0-51.5 





некои нежна т eee erg тн e + n——— — —— - 6 cc - + D: 


50LV . 14196-1.224 .55-90 | 66-1.1 | 39-41 | 135-190 
ERE а ме pt AR ee ee и ee == е - 
51-225 .  1.70-1.285 , 95-150 120-195 200-240 10,000-14,000 





а — — +- —— 


0.25 max [10 ТЕ 334 











0.50 тах 10 | 558 


50-410HV ^  1.266-1.272 | NA | NA | 550-610 | МА 0.1 49-53 0.50 max 10 | 648.5 











2 
2 
4 
2 
8 
mE 5760 _1.31-1.33 1220 | _ 16-27 | 55-70 |! 15002000 | 4 | o1 | 55-585 0.25 max 5 | 391 
50007 | (| 13451375 12-18 17:25 | 5568 1500-2100 | 2 | ол | 58.3600 | 025 тах Е | 3777 
ЖОШ 1 


60-70 _ 1.374-1.390 26-40 | 36-55 | 65-80 22 2,700-3,700 0.1 60.2-60.7 0.25 max 


зони пан вани ара =. жк -Maii 


63-85 .  1.40-1.42 _ 38-66 | 53-94 | 75-92 . . 3,700-5,500 0.1 61.5-63.3 | 

ie то не rue ue update Па тента | 

| 70-200 1.45-1 51 МА МА : 180- 230 | 48000-61,000 0.50 max 110 | 
—————— дос ња um ep Lek Va. родні а б 

| 


0 411.5 


t 
2 











0.25 max | 10 | 








4 
| 5345 — 128-131 4а 255222 4466 700850 j 2 | 01 , 5356 050 та 10. 
4 


! 
! 
е! 
© шаһ ү 


60-350 1.395-1.42 МА | МА | 300-350 МА | 59-62 | 050 тах "10 600 
уж ч sus а 2 kal кашы чы ташы дова А 227 Дә setae Dis 2 | - а I-A eese REM мы Hesse aye з is ашан 5 zr и 


65 1.445-1.465 150-320 — 220- ато - 100-140 6465 | | | 0.25max 10. 446 


Е ntu еми “ашкыс тр See ee Ree a ee aa A теле тт Boobs BE cl cae ads oe. Bad ae. So. ite dg aa ог За 
CHLOROWAX sinha Olefins ,. ! i 


LL ure ооо Sete Li и Ес 


10000 | ^ 1100-1. 133 : 2.0-26 | 2.2-29 | 58-70 


45AO 2 1.090-1.120 | 143-20 | 1423 | NA 
те 
| 1.345-1.370 12-24 | 








а ышы Аира поп реа, iud 






























57-60 0.25 max 
mE ч 105-135 


0 
__ 500АО_ 5 
(54312040 - "^ 4.285-1.325 53-55 | 025 max 5 
Е ро NOLENS s ee теза ааа до Ашина ори cea сот је 
52А0 |, 1,940-1.270 | 1.4-2.7 | 1.7-3.4 | 40-50 5 
4 


\ 


31-68 


| | 











51.0-535 | 0.25 max 
——— и пада лін дос а ра асаа 


| 51.250 " 1271285 95-150 | 120-195 | 200-250 | | 50-52 | 0.50 тах 





(continued) 


801 


зоодрирн siu24]og ]ougsnpu[ 


Table 3.13: (continued) 


Compatibility of Liquid Chlorowax with Other Materials 


Alkyd Resins 


Phthalic-Drying Oil Modified Solution 
Phthalic-Non-Drying Oil Modified 


Resin Modified 
Styrene Modified 
Rosin Moditied 

Asphalt, Petroleum 

Butyl Oleate 

Carbowax 

Cellulose Acetate 

Cellulose Acetate Butyrate 

Chlorinated Rubber 

Coumarone-indene Resins 

Dibenzyl Sebacate 

Dibutyl Phthalate 

Dicapryl Phthalate 

Di-iso-butyl Adipate 

Dioctyl Adipate 

Dioctyl Phthalate 

Di-iso-octyl Phthalate 

Diocytl Sebacate 

Epoxy Resins 

Maleic Resins 

Methyl Methacrylate 

Petroleum Resins 

Paraplex G-60 

Paraplex G-62 

Phenolic Resin, Non-heat Hardening 

Pliolite Resins 

Polydichlorstyrene 

Polyester Resins 

Polyethylene Resins 

Polystyrene Resins 

Polyviny! Chloride Resins 


Rosin 
Rosin Ester Resins 
Rubber 
Natural 
Мите 
SBR 
Neoprene 
Buty! 


Santicizer 141 
Santicizer 160 
Terpene Resins 
Tetrahydrofurfural Oleate 
Triaryl Phosphate 
Tricresyl Phosphate 
Triphenyl Phosphate 
Urea Formaidehyde Resins 
Waxes 

Mineral 

Natural 

Paraffin 
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Solution 
Solution 
Solution 
Solution 
Hot Melt 
Hot Melt 
Hot Meit 
Hot Melt 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 


Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 
Solution 


Hot Melt 
Hot Melt 
Hot Melt 


(continued) 
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Table 3.13: (continued) 


Miscibility of OxyChem Chlorowax Grade 


CHLOROWAX is miscible with many 
organic solvents, including aliphatic, aromatic and 
terpene hydrocarbons; chlorinated aliphatic and 
aromatic hydrocarbons; hydrogenated naphthas; 
ketones, esters and drying oils. They are in- 
soluble in water, glycerine and glycols. With a 
few exceptions, the liquid grades are insoluble in 
the lower alcohols. 


SOLVENT MISCIBLE WITH 
CHLOROWAX OTHER 
45LV, 500-C, GRADES 

50 LV & 65 

Acetone Yes Yes 
Amy! Acetate Yes Yes 
Benzene Yes Yes 
Butanol, Normal Yes No 
Butanol, Tertiary Yes No 
Carbon Tetrachloride Yes Yes 
Dioxane Yes Yes 
Ethanol Yes No 
Ethylene Acetate Yes Yes 
Ethylene Dichloride Yes Yes 
Ethylene Glycol No No 
Glycerine No No 
Isopropanol No No 
Linseed Oil Yes Yes 
Methanol Yes Мо 
Methyl Ethyl Ketone Yes Yes 
Methylene Chloride Yes Yes 
Mineral Spirits Yes Yes 
Monochlorobenzene Yes Yes 
Orthodichlorobenzene Yes Yes 
Perchloroethylene Yes Yes 
Perilla Oil Yes Yes 
Propanol Yes NO 
Solvesso 100 Yes Yes 
Soy Bean Oil Yes Yes 
Toluene Yes Yes 
Turpentine Yes Yes 


Xylene Yes Yes 


Table 3.14: Chlorobenzenes—Vapor Pressures (72) 


й Pressure, mm. Hg 


Halogenated Hydrocarbons 


20 230 250 
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Table 3.15: Chloroform (7) 
СНСІЗ 


Trichloromethane 


PHYSICAL PROPERTIES 


Acidity as HCl 
Boiling point 
Boiling range @760 mm 


Coefficient of cubical expansion 
Av. / *C, liquid 


Color (Saybolt) 

Dielectric constant, 1000 cycle 
Fire point 

Flash point 

Freezing point 

Heat of evaporation Q B. P. 
Latent heat of evaporation Q B. P. 


Refractive index @20°C 
@25°C 


Solubility in water @20°C 


Solubility of water in solvent 
Q10*C 


Specific gravity 25/25*C 


Specific heat 
Liquid, 20* 


Specific resistivity 


Thermal conductivity 
Liquid 


Vapor density (B. P, , 760 mm) 
Vapor pressure @30°C 
Viscosity @20’C 

@ 30°C 
Water: no cloud @-10°C 
Weight per gallon @25°C 


% 
20.5 Acetone 
35 2~Bromopropane 
96 2-Butanone 
6.8 Ethanol 
13 Ethyl formate 
15 Formic acid 
2.8 n-Hexane 
4. 5 Isopropanol 
12.5 Methanol 
23 Methyl acetate 


2.8 Water 


0.001% by wt, max. 
61.2"С 
60.0-61.5°C 


0.001399 

24 max. 

4. 90 
Nonflammable 
Nonflammable 
63°C 

59.0 cal/g 
106. 4 Btu/1b 


1. 4467 
1, 4422 


0. 82 


0.06 g/water/100 g 
1. 477 


0.234 cal/g/°C 
4. 0 x 10? ohms/cm 


0.080 Btu/hr (sq ft) 
(^F/tt) 

4, 36 g/liter 

243 mm 


5.63 millipoises 
5.10 millipoises 


0.021% by wt, max. 
12.29 Њ 


CHLOROFORM FORMS AZEOTROPES WITH: 


B.P. °C of Azeotrope 


64.5 
62.2 
79.7 
59,3 
62.7 
59.2 
60 

60.8 
53.5 
64. 8 
56. 1 


PRODUCT 


COMMERCIAL | 
BENZYL CHLORIDE 


para-METHYLBENZYL | 
CHLORIDE 


METHYLBENZYL — 
CHLORIDES 


ETHYLBENZYL 
CHLORIDES 


|SOPROPYLBENZYL 
CHLORIDES 


2.4.DIMETHYLBENZYL 
CHLORIDES 


3,4-DIMETHYLBENZYL 
CHLORIDES 
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Table 3.16: Chloromethylene Compounds (24) 


PHYSICAL CONSTANTS 

























DICHLOROBENZYL 
CHLORIDES 


DEVELOPMENT 


2,9-DIMETHYLBENZYL 
CHLORIDE 


meta-CHLOROBENZYL 
CHLORIDE 


i о me e 


a,a’-DICHLORO- 
XYLENES 


Bis-CHLOROMETHYL- 
DURENE 





RESEARCH 
ortho-METHYLBENZYL 
CHLORIDE 


meta-METHYLBENZYL 
CHLORIDE 


CHLOROMETHYL- 
TETRALINS 


a-CHLOROMETHYLB. 
METHYLNAPHTHALENE 

























EMPIRICAL MOL. б SPECIFIC ASSAY ISOMER 
FORMULA МТ. BOILING GRAVITY | REF.INDEX| (Method) CONTENT 
RANGE °C 25° п25 (Ргох.) 
m „жс. 
95% in 
incl, 179°C Е 
C,H,CI Ld 
(CH | 1406 | 55% (р.) 
45% (о-) 
СН. 70% (ро 
3096 (о-) 
m 85% (р) 
C; 9H, 4CI 1596 (о-) 
C,H, С! 8696 (2,4-) 
14% (2,6-) 
СЫН, СІ 154.7 64% (3,4-) 
34% (2,3-) 
2% (2,4-; 
2,5-; 2,6-) 
С,Н.Сі; 195,5 80% (2,4-; 
2,5-; 2,6-) 
20 % other 
isomers 
CH, CI 154.7 Шс 
C;H,Cl; 161.1 Цари 
CsHaClz prox.133°C 70-80% (p-) 
@ 15mm. 20-30% (o-) 
190— 
С НС: 1967 дес. 22 
___ (3) 
C,H,C! ао 
сна са 
СНС! 60% (В-) 
4096 (а-) 
С. Ни С! 


(1) Gas-Liquid Partition Chromatography 
(2) Alcoholic potassium hydroxide hydrolysis 
(3) Melting range 


Table 3.17: o- and p-Chlorotoluenes (7) 


СеНА(СПСНа 


PHYSICAL PROPERTIES 


Boiling point 


Coefficient of cubical 
expansion @ 30°C 


Distillation range 
Start 
100% 


Flash point 

Freezing point 

Latent heat of vaporization 
Purity 

Solubility of water @25°C 


Solubility of water in sol- 
vent @25°C 


Refractive index @2Z0°C 
Specific gravity @20/4°C 
Surface tension @ 25 *С 
Vapor pressure @100°C 
Viscosity @100°F 


@210°F 
Weight per gallon @25°C 


Ortho Para 
159. 4*C 162, 5*C 
0. 00092 


158, 3*C min. 
165. 1 *C max. 


46*C 
-34*C 7. 5"С 
77 cal/g 
60% approx. 40% approx. 
0. 037 g/100 g 
0.014 g/100 g 
1. 5238 1. 5199 
1. 0817 1.0697 
32. 9 dynes/cm 
132 mm 


0. 707 centistoke 
0. 747 centipoise 
0. 328 centistoke 
0. 327 centipoise 


9.1 1b 


Table 3.18: p-Chlorotoluene (7) 


сан СІусн; 


PHYSICAL PROPERTIES 


Acidity as acetic acid 


Boiling point @760 mm Hg 
50 mm Hg 
10 mm Hg 


Congealing point 

Distillation range @760 mm Hg 
Flash point (Cleveland O. C.) 
Moisture content 

Molecular weight 

Pounds per gallon 

Purity 


Refractive index м2 


Side chain chlorine 
Solidifies 
Specific gravity @25/25°C 


Surface tension (in air) 
DuNouy @25°C 


Vapor preasure @96. 6°C 


Nil 

162. 3*C 
18. 4*C 
43. 8*C 


6. 8*C 
162-166"С 
140°F 

Nil 

126. 59 

8. 85 
98.0% 

1. 5184 


None 
Below 45°F 


1. 067 min, = 1. 071 max. 


34. 60 дупев/ст 
100 mm Hg 


PIT 


yooqpupg smu2ajog pigsnpu] 


Table 3.19: HALSO 99 (27) Table 3.20: HALSO AG 125 (27) 


CH3 CH3 
и 


СІ СІ 








и 


Specifications: Specifications: 
Appearance Clear liquid Appearance Clear liquid 
Color 30 APHA Max. Color 25 APHA Max. 
Monochiorotoluene 99.6% Min. Monochlorotoluene 99.5% Min. 
Toluene 0.4% Max. Toluene 0.4% Max. 
Physical Properties: Monochiorotoiuene Physical Properties: Monochlorotoluene 
Ortho Para Toluene Ioluene 
Formula | СНО! С, На Formula с,н,с! СН, 
Molecular Weight 126.59 92.14 Molecular Weight 126.59 92.14 
CAS Registry Number 95-49-8 106-43-4 108-88-3 CAS Registry Number 95-49-8 106-43-4 108-88-3 
Specific Gravity @ 25°C/15.5°C 1.079 1.067 0.863 ifi i о ‚5° 1.079 1.067 0.863 
Specific Gravity Correction Factor -0.00088^C -0.00097/°C - n Bae ооо, -0000ввес -0,00097°C - 
Density (Ib/gal) 9.0 8.9 7.2 Density (Ib/gal) 9.0 8.9 7.2 
Freeze Point, °C (°F) -35.6 (32) 7.5 (45.5) -95 (-139) Freeze Point, °C (°F) -35.6 (-32) 7.5 (45.5) -95 (-139) 
Boiling Point, °C (°F) 159 (318) 162 (324) 111 (231) Boiling Point, °C (°F) 159 (318) 162 (324) 111 (231) 
Flash Point (TCC), °C (°F) 50.6 (123) 52.8 (127) 4.4 (40) Flash Point (TCC), °C (°F) 50.6 (123) 52.8 (127) 4.4 (40) 
Fire Point (COC), °C (°F) 85 (185) 87.7 (190) - Fire Point (COC), °C (°F) 85 (185) 87.7 (190) - 
Vapor Pressure, 10 mm Hg 43.2“С 43.8°C 6.4°C Vapor Pressure, 10 mm Hg 43.2°C 43.8°C 6.4°C 
100 mm Hg 94.7°C 96.6°C 51.9С 100 mm Hg 94.7°C 96.6°C 51.9°C 
760 mm Hg 159.2°C 161.7°C 110.6°C 760 mm Hg 159.2°C 161.7°C 110.6°C 

Refractive Index (n ,, 20) 1.5268 1.5150 1.4961 Refractive Index (n , 20) 1.5268 1.5150 1.4961 
Heat of Vaporization (cal/gm) 81.2 80.2 93.1 Heat of Vaporization (ca//gm) 81.2 80.2 93.1 
Specific Heat @ 20°C (cal/gm/*C) 0.355 0.355 0.392 Specific Heat @ 20°C (calgm/°C) 0.355 0.355 0.392 
Viscosity (Centistokes) @ 100°F 0.75 - - Viscosity (Centistokes) @ 100°F 0.75 - 4 

2 210" 0.44 Р Я @ 210°F 0.44 - - 
Kaun-Butanol Vaiue 110 105 Kauri-Butanol Value 110 105 
Solubility in Water @ 23°C (ppm) 72 74 - Solubility in Water @ 23°C (ppm) 72 74 - 


ви0420201р4и рапиазооц 
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Table 3.21: o-Dichlorobenzene (7) 


1,2-Dichlorobenzene 


СьНаА- СЮ 


PHYSICAL PROPERTIES 


Boiling point 
Boiling range (within) 


Dielectric constant 
1000 cycles 


Electrical conductivity 
е 9%С 


Fire point 

Flash point 
Freezing point 
Heat of combustion 
Heat of fusion 


Impurities (p-dichloro- 
benzene, trichloroben- 
zene) 


Latent heat of vaporiza- 
tion @B, P. 


Refractive index @22°C 
Solubility in water @25°C 
Specific gravity @20/4°C 


Specific heat 
Specific resistivity 
Weight per gallon Q25*C 


Table 3.22: p-Dichlorobenzene (7) 


Purified 


180. 2*C 
3. 0*C 


9. 82 


Technical 


179, 6°C 
4. 0*C 


107* recip. ohm 


103°C 
68°C 
-18.3"С 


103°C 
68°C 
-22.5%С 


671. 8 kg' cal/mol. 
88 joules/g 


Not over 4% Not over 12% 


65 cal/g at. 
1.5518 

Lees than 0.01% 
1,3048 


0.271 cal/g/°C 
2.0 x 10° ohms/cm 
10. 85 lb 


p- DICHLOROBENZENE FORMS AZEOTROPES WITH: 


% 
20 Cineole 
33.5 Cyclohexanol 
37 2-Ethoxyethyl acetate 
34 n-Hexyl alcohol 
46 Camphene 
63. 5 Isoamyl ether 
27 Isoamyl propionate 
14 d- Limonene 
50 a-Pinene 
2 Phenol 


43 Propyl isovalerate 


B.P. 'C of Azeotrope 


173. 5 
153. 6 
155. 5 
151.6 
155.0 
172. 4 
155. 2 
174. 2 
153. 4 
156. 0 
154. 5 


Table 3.23: Dichiorodiisopropyl Ether (7) 
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C1CH,CH(CH;)-O-CH(CH;)CH,C1 


PHYSICAL PROPERTIES 


Acidity as HCl 
Boiling point @760 mm 
Boiling range @760 mm 


Color (Pt-Co scale) 

Flash point (O. C.) 

Solubility in water @20°C 

Solubility of water in solvent @20°C 
Specific gravity @20/20°C 

Vapor pressure @20°C 

Weight per gallon @20°C 


Table 3.24: Dichloroethylene (7) 


H H 
cis-Acetylene Dichloride UR 
1 
Cl Cl 


PHYSICAL PROPERTIES 


cis isomer 


Acidity as HCl 0.0005% by wt, max. 
Boiling point @760 mm 60. 3*C 


Coefficient of cubical expansion 


Ау. / *C, liquid 0. 00127 
Color (Saybolt) 24 max. 
Flash point 6°C 
Freezing point -80.5“С 
Latent heat of vaporization @B. P. 73.0 cal/g 


Refractive index @15°C 1.4519 
0.007% by wt, max. 


0.77 g/100 g 


Residue on evaporation 


Solubility in water @25°C 
Solubility of water in solvent 


@i0°c 0. 04 g water/100 g 
Specific gravity @20/4°C 1.282 
Specific heat 
Liquid, 20°C 0. 270 cal/g/ *C 


Vapor density (B. P., 760 mm) 
Vapor pressure @30°C 
Viscosity Liquid @20°C 

Water: no cloud @-15°C 
Weight per gallon @20°C 


3. 54 g/liter 

273 mm 

0. 48 centipoise 
0.001% by wt, max. 
10,70 lb 


Acidity as HCl 
Boiling point @ 760 mm 


Residue on evaporation 
Solubility in water @25°C 


Solubility of water in solvent 
@10%c 0.03 g water/100 g 


Specific gravity @20/4°C 1.257 
Specific heat 


Vapor density (B. P., 760 mm) 
Vapor pressure @30°C 
Viscosity liquid @20°C 

Water: no cloud @-15°C 
Weight per gallon @20°C 


0.01% by wt, max. 
187, 3*C 


Not more than 5% dis- 
tills below 180°C 

Not less than 95% dis- 
tills below 190°C 


25 max. 
185°F 
0.17% by wt 
0.11% by wt 
1. 1122 
0.85 mm 
9.26 lb 


trans-Acetylene Dichloride C=C 


PHYSICAL PROPERTIES 


trans isomer 


0.0005% by wt, max. 
48.0-48.5"С 


Boiling range @760 mm 47.0-48.5“С 
Coefficient of cubical expansion 

Av. / "C, liquid 0. 00136 
Color (Saybolt) 24 max. 
Flash point 4*C 
Freezing point 50*C 
Latent heat of vaporization QB.P. 73.7 cal/g 
Refractive index (215*C 1. 4490 


0.0007% by wt, max. 
0.63 g/100 g 


Liquid, 20°C 0,270 cal/g/°C 
3.67 g/liter 

395 mm 

0.41 centipoise 
0.004% by wt, max. 


10.49 1b 
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Table 3.25: Dichloroethyl Ether (7) 


2,2'-Dichloroethyl Ether 
sym- or B,B8' -Dichloroethyl Ether 


CICH) CH OCH;CH5CI 


PHYSICAL PROPERTIES 


Acidity as HCl 


Apparent ignition temperature in air 


Boiling point 
Boiling range @760 mm 


Color (500 mm tube) 


Ethylene dichloride 
Flash point (C. C.) 


Latent heat of vaporization (2178*C 


Refractive index (020*C 
Specific gravity @20/20°C 
Specific heat @20-30°C 
Surface tension @25°C 
Vapor pressure @20°C 
Viscosity @25°C 

Weight per gallon @20°C 


Table 3.26: Dichlorohydrin (7) 


Boiling point 


Boiling range 
Fiash point 
Refractive index 
Specific gravity 
Vapor pressure 


Glycerol Dichlorohydrin 
Dichloroisopropyl Alcohol 
1, 3-Dichloropropanol-2 
0 - Propenyldichlorohydrin 


PHYSICAL PROPERTIES 


(1,3-) 174°C 
(1,2-) 183°C 


174-176°C (95%) 
74°C 

1.47-1.48 
1.36-1, 39 


7 mm 


1, 2-DICHLORO-3-PROPANOL FORMS AZEOTROPES WITH: 


% 


55 
75 
60 
68 
60 
43 
80 
50 


o- Bromotoluene 
Camphene 

a -Chlorotoluene 
Indene 

a- Limonene 
2-Octanol 
а-Ріпепе 


Thymene 


В.Р. °C of Azeotrope 


171. 
156. 
171. 
160. 
169. 
172. 
153, 
170. 


oo ww о о о с 


0. 005% тах, 
396°C 
178°C 


Not more than 5% dis- 
tills below 173°C 

Not less than 95% dis- 
tills below 179°C 


Not more than Z yellow 
Lovibond 


1.0% тах. 

55°С 

64.1 cal/g 

1.457 

1,219-1,224 

0. 369 cal 

41.8 dynes/ sq cm 
1.2 mm 

2.0653 centipoises 
10.17 1b 


CICH2CH(OH)CH2CI 


1, 3-DICHLORO-Z-PROPANOL FORMS AZEOTROPES WITH: 


до 


91 
39 
32 
62 
43 
85 
78 
45 
55 
62 
85 
33. 5 
30 
10 


52 
43 
50 
41 
35 
57 
63. 5 
63 
85 
38 
40 


Bromobenzene 
o- Bromotoluene 
p- Bromotoluene 
Camphene 
a-Chlorotoluene 
o- Chlorotolene 
p-Chlorotoluene 
Cymene 
p-Dichlorobenzene 
2, 7- Dimethyllactane 
Dimethyl oxalate 
іпдепе 
Iodobenzene 
lsoamyl butyrate 
Isoamyl ether 
d-Limonene 
Mesitylene 
p-Methylanisole 
Methylheptenone 
a-Phellandrene 
a-Pinene 
Pseudocumene 
Styrene 
a-Terpinolene 


Thymene 


B.P. *C of Azeotrope 


155. 
170. 
172. 
152. 
168. 
158. 
160. 
165. 
162.2 
155. 0 
162. 0 
173. 5 
173.0 
178. 6 
165.9 
166. 8 
156. 
173. 
178. 
163. 
150. 
164. 4 
142.5 
166. 8 
166. 5 


до ОО ОО Q5) Un uin 


a Oo мм = о 


Table 3.27: Dichloromethane (22) 


Flammability of Methylene Chloride~Oxygen-Nitrogen Mixtures 


Methylene Chloride 
Methylene Dichloride 


Methylene chloride is a clear, water- 
white liquid at ordinary temperatures, 
with a pleasant, ethereal odor. И 15 


Halogenated Hydrocarbons 


CHCl, 


highly volatile and mobile. Methylene 
chloride is completely miscible with 
most organic liquids. 


TYPICAL PROPERTIES 


Molecular Weight 84.94 
Boiling Point, °F 103.6 
С 39.8 
Freezing Point, °F - 142.1 
C - 96.7 
Flash Point (Tag open cup) none 
Ignition Temperature, °F 1224 
°C 662 
Specific Gravity of Vapor 
(air = 1.00) 2.94 
Density at 20°C, 
pounds per gallon 11.15 
Viscosity at 20°C, 
centipoises 0.425 
Specific Heat at 20°C, 
cal/(g)( °C) 0.29 
Vapor Pressure at 20°C, mm 348.9 
Evaporation Rate at 25°C 
(ether = 100) 71 
Heat of Vaporization, cal/g 75.3 
Btu/lb 135.5 
Solubility 
£ methylene chloride/100 g water 
at 20°C 2.0 





20 3:0 40 50 60 ют 80 


METHYLENE CHLORIDE PERCENT 


g water/100 g methylene 
chloride at 25°C 0.2 
Azeotrope with Water, 


Boiling Point, °F 100.6 
"С 38.1 

Azeotropic Water 

Content, wt Yo 1.5 


Specification for standard grade 


Appearance Clear, free of 

suspended matter 
Color, APHA, maximum 10 
Odor Characteristic; 


no residual 
Specific Gravity, 


25%С/25%С 1.319 to 1.323 

Acidity, ppm, maximum 5 

Nonvolatile Residue, ppm, 

maximum 10 

Free Halogen none 

Distillation Range 

(100%), °C 39.5 to 40.5 
°F 103.1 to 104.9 

Water, ppm, maximum 100 


PRESSURE, millimeters mercury 





20 
TEMPERATURE, 
degrees Centigrade 
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Table 3.27: (continued) 


1, 1-DICHLOROMETHANE FORMS AZEOTROPES WITH: 


% 


30 
23 


94.8 


20 
30 
55 


11.5 


21 
8 
51 
23 
6 
1.5 


В.Р. “С of Azeotrope 


Acetone 57. 6 
Biallyl 56. 5 
1, 3- Butadiene -5.0 
Chloromethyl methyl ether 54 

Cyclopentane 38.0 
Diethylamine 52.0 
Ethanol 54.6 
Iodomethane 39.8 
Isopropanol 56.6 
Pentane 35. 5 
Propylene oxide 40.6 
tert-Butanol 57.1 
Water 38.1 


Table 3.28: Dichloropentanes (7) 


С5Н10С!2 


PHYSICAL PROPERTIES 


Acidity as HCl 
Average chlorine content 


Distillation 


Evaporation rate @109°F: Minutes 


е 


8.00 
14. 20 
90.00 


Flash point (O. C.) 
Heat of vaporization 
Kauri-butanol value 
Solubility in water 
Specific gravity @20°C 
Specific heat 

Surface tension @25°C 
Viscosity @25°C 
Water azeotrope @80-97°C 
Water content 

Weight per gallon 


0.025% max. 
48% 
95% between 130-200°C 


25% 
50% 
75% 
100% 


9?*F 

68. 5 cal/g 

67 cc 
Negligible 
1.07-1.08 

0. 369 cal/g 
31.8 dynes/cm 
0.016 poise 
66% С Ну С1, (approx. ) 
None 

8. 94 lb 


Coy (ClCH, 


Table 3.29: 2,4-Dichlorotoluene (7) 


PHYSICAL PROPERTIES 


Acidity as acetic acid 


Boiling point @760 mm Hg 
@ 50 mm Hg 
Q 10 mm Hg 


Congealing point 

Distillation Range @ 760 mm Hg 
Fire pcint (Cleveland O. С.) 
Flash point (Cleveland O. C.) 
Moisture content 

Molecular weight 

Pounds per gallon 

Purity 

Refractive index мр 

Side chain chlorine 

Specific gravity @25/25°C 
Surface tension, DuNouy @ 25°C 
Vapor pressure @130°C 


Nil 


200. 5°C 
113.0°C 
77.0*C 


-13%С 
199-202%С 
383°F 

199°F 

Nil 

161, 04 

10. 34 

99.0% 

1. 5480 

Мопе 

1. 247 min. -1. 251 max. 
38. 29 dynes/cm 
100 mm Hg 
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Table 3.30: Epichlorohydrin (7) 


ү 
3-Chloropropylene-1,2-oxide О--СН”--СН--СН2СІ 


Epichlorohydrin is a colorless, mobile, highly reactive liquid. It is completely miscible with many organic liquids such 

as acetone, carbon tetrachloride, alcohols, benzene, ethers, halogenated hydrocarbons, fixed oils, etc. Itis not 
miscible with glycerin and water. The two reactive functional groups make ita very useful chemical intermediate. In 

the presence of a catalyst, its epoxy group enters into an exothermic reaction with the active hydrogen atoms of alcohols, 
amines, carboxylic acids, phenols, mercaptans, etc. The atom in the molecule reacts with acid salts, alkali metal pheno- 
lates, and alcoholates, amides, amines, etc. 


Epichlorohydrin is used to a large extent as a raw material in the manufacture of epoxy resins. When condensed with di- 
hydric phenols or phenolic resins, epoxy resins are obtained which range from liquids to solids. It is also used in the 
manufacture of ion exchange resins, adhesion resins and a large number of other chemicals. 


Absolute viscosity at 20°C., cps. 1.1 
ABP/AP., at 740 to 760 mm. Hg, °C. per mm. 0.044 
Boiling point, °C., 760 mm. 115.2 

50 тт. 45 

10 mm. 16 
Freezing point, °C. -58.1 
Heat of vaporization at | atm., Btu/lb. 174 
Molecular weight 92.53 
Refractive index, np at 20°C. 1.4359 
Solubility, % by weight at 20°C., 

in water 5.9 

water in 1.2 
ASG/A T. at 20° to 30°C. 0.00120 
Specific gravity at 20/20°C. 1.1761 
Vapor pressure at 20°C., mm. Hg 12.7 
Flash point (open cup), °F. 105 


Table 3.31: Ethyl Chloride (22) (23) 


Monochloroethane СНС! 


Muriatic Ether 


TYPICAL PROPERTIES 


Molecular Weight: 64.52 Refractive Index of Vapor, na 1.001 


Description: Ethyl chloride is a Vapor Pressure, mm Hg 
colorless mobile liquid at 1 atmosphere 0°C (32°F) 464 
below 12.4°C (54°F). Above the boiling 10°C (50?Е) 692 
point, it is a colorless gas. Ethyl chloride 20°C (68°F) 1011 
has an ethereal odor and is highly volatile Specific Gravity of Vapor (аїг- 1) 2.23 
and flammable. Solubility at O°C, 

g ethyl chloride/100 g water 0.447 
Freezing Point, °C —1383 В water/ 100 g ethy! chloride 0.07 

oF —217 Solubility: 


Ethyl chloride is soluble in most organic 
solvents. 
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Table 3.31: 


VAPOR PRESSURE, psia 


(continued) 


Flash Point, Tag open cup, ?C —43 
°F —45 
Explosive Limits, 


volume % in air 3.16 to 15 

Autoignition Temperature, °C 519 
"Р 966 

Specific Heat at 0°C, 

cal/ (g) (C) or Btu/ (Ib) (°F) 0.37 

Heat of Vaporization at Boiling Point 

cal/g 92.5 

Btu/Ib 165.6 

Viscosity at 10°C, cps 0.279 

Density at 20°C, pounds/gallon 7.461 


Specification and Typical Analysis: 


Purity, wt % 
Color, APHA 


Reactivity: 

At ordinary temperatures the oxidation and 
hydrolysis of ethyl chloride take place 
slowly. In the absence of air and water, it 
can be used with most common metals up 
to 200°C (392°F). Ethyl chloride burns 
with a green-edged flame, producing hydro- 
gen chloride, carbon dioxide and water. It 
is thermally stable to 400°C (752 Е); 
thermal splitting yields ethylene and hydro- 
gen chloride. The reactivity of ethyl chlo- 
ride as an intermediate is often based on 
the affinity of alkali metal atoms for its 
chlorine atom. 


Typical 
Specification Analysis 
99.5 minimum 99.97 


20 maximum «5 


Appearance 


Acidity as HCl, wt % 
Water, wt % 

Nonvolatile Residue, wt % 
Total Impurities, wt % 
Distillation Range, °C 
Specific Gravity, 0?C/4*C 


clear, free of 
suspended matter 
0.002 maximum 
0.02 maximum 
0.01 maximum 

0.5 maximum 

12 to 13 

0.922 to 0.925 


clear, free of 
suspended matter 
«0.0001 
0.0010 
«0.0001 
0.03 

12.2 to 12.4 

0.922 


воо ПОА a 
реј ae sll D а (5/22 


Ethyl Chloride Vapor Pressure vs Temperature 
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Solubility, Approximate, g/100 g Solvent at 25 C 


Acetone 103 
Benzene 110 
n-Heptane 87 
Ethanol (21°C) 48 
‘Methanol 37 
Water (20°C) 0.6 


Halogenated Hydrocarbons 123 


Table 3.32: Ethylene Chliorohydrin (7) 


Glycol Chlorohydrin 
2-Chlorethy! Alcohol 


ССНОСН ОН 


PHYSICAL PROPERTIES 


Absolute viscosity @20°C 3.4 centipoises 


Apparent specific gravity @20/20°C 1.2040 
Boiling point @760 mm Hg 128. 7“ С 
@ 50 mm Hg 60°C 
@ 10 mm Hg 29°C 
Coefficient of expansion 0 55"С 0.00092 
Flash point (Cleveland O. C. ) 140°F 
Freezing point -62.6"С 
Molecular weight 80. 52 
Pounds per gallon @20°C 10,03 
Solubility in water @20°C Complete 
Solubility of water in solvent @20°C Complete 
Vapor pressure @20°C 4.9 mm Hg 
Table 3.33: Ethylene Dichloride (7) 
1,2-Dichloroethane 
sym-Dichloroethane 
Ethylene Chloride ССН СНС 
Dutch Oil 


Elay! Chloride 


PHYSICAL PROPERTIES 


Acidity as HCl 


Apparent ignition temperature 
in air 


Boiling point 
Boiling range @ 760 mm 


Coefficient of cubical expansion 
Av. / *C, liquid (10-30*C) 


Color (500-mm tube) (Lovibond) 
Dielectric constant @20°C 
Electrical conductivity 

Explosive limits in air 

Fire point 

Flash point (ASTM O. C.) 
Freezing point 

Heat of combustion 

Latent heat of evaporation ФВ. Р. 
Nonvolatile matter 


Not more than 0.001% 


449°C 
83.6°C 


Below 82, 5*C none 
Above 84. 0*C none 


0. 00116 

Not more than 1.0 yellow 
10. 520. 3 

3 x 1078 

6. 2-15. 9*5 by vol. 

28*C 

21*C 

-35*C 

2720 cal/g 

71.3 cal/g 


Not more than 0. 001 
g/100 cc 


Purity 

Refractive index 

Solubility in water @20°C 

Solubility of water in solvent 
@20°C 

Specific gravity @20/20°C 

Specific heat 

Specific resistivity 

Surface tension @25°C 

Thermal conductivity @ 20°C 

Vapor density (В.Р., 760 mm) 


Vapor pressure @20°C 
@ 30°C 


Viscosity @25°C 
Water content 
Weight per gallon @25°C 


Not less than 99.0% 
1. 4443 


0.87% by wt 


0.16% by wt 

1. 2550 

0.31 са1/4/“С 

9.0 х 108 овпав/ст 
37.5 dynes/cm 

0, 0038 cal/cm/sec/ °C 
3. 88 g/liter 


63 mm 
99 mm 


0.0078 poise 
Not more than 0.02% 
10. 38 1b 
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Table 3.33: (continued) 


ETHYLENE DICHLORIDE FORMS AZEOTROPES WITH: 









% В.Р. °C of Azeotrope 
18 Ally] alcohol 79.9 
6 tert-Amyl alcohol 83 Е 
ы Carbon tetrachloride 1326 Limits of Flammability of Ethylene Dichloride 
19.5 1, 1-Dichloroethane 72 in Air and Carbon Dioxide 
37 Ethanol 70. 3 
38 Formic acid 77.4 N ORIGINAL ATMOSPHERE, PERCENT 
6, 5 Isobutanol 83.5 16 17 
43.5 Isopropyl alcohol 74.1 PROTO оц de 
9 Propane! во, о 
10 n-Propyl formate 84.1 
18 Trichloroethylene 82.9 
32 Methanol 61 м 
8.2 Water | 70. 5 


Water Content vs. Cloud Point (53) 
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Table 3.34: 2-Ethylhexyl Chloride (7) Table 3.35: Glycerol a-Monochlorohydrin (7) 
CH4CH4CH4CH5CH(C»2 наос! CICH CHOHCH720H 
PHYSICAL PROPERTIES PHYSICAL PROPERTIES 
Average weight @20°C 7. 33 1b/gal Boiling point 213*C 
Boiling point 0760 mm Hg 172. 9*C Boiling range (ASTM) 90% between 136-142°C @40 mm 
Flash point (O. C. ) 140*F Flash point (O. C. ) 280*F 
Molecular weight 148. 67 Refractive index @25°C 1. 4781 
Solubility in water Q 20 "С 0, 1% by wt Solubility in water 100% 
Solubility of water in solvent @20°C 0.1% by wt Specific gravity @20/4°C 1. 320 
Specific gravity @20/20°C 0. 8833 Weight per gallon 10.98 lb 


Vapor pressure @20°C 1.3 mm Hg 


Table 3.36: Hexachloroethane (7) 


Perchloroethane 
Carbon Trichloride 


Tetrachloroethylene Dichloride 


PHYSICAL PROPERTIES 


Less than 0.05% 
Sublimes (0185*C 


Acidity as HCl 
Boiling point @760 mm 


Latent heat of vaporization @B. P. 46. 4 cal/ 

83. 5 Btu/1b 
Melting point in sealed tube 188. 2*C 
Nonvolatile matter Less than 0.15% 
Purity 98, 0% min. 
Specific gravity @20/4°C 2.091 
Specific heat @25°C 0.174 cal/g/°C or 

Btu/1b/*F 

Vapor density (B. P. , 760 mm) 6. 30 g/liter 
Vapor pressure @ 30°C Z mm 
Water 0.2% by wt, max. 


CCIACCI 


З 7709 


HEXACHLOROETHANE FORMS AZEOTROPES WITH: 


% 


34 
12 
30 
25 


28 
43 
20 
55 
49.5 
37 
30 
15 


Aniline 
Benzyl alcohol 
p- Bromotoluene 


Chloroacetic acid 


o-Cresol 

Diethyl oxalate 
Diisobutyl carbonate 
Dimethyl malonate 
Ethyl acetoacetate 
Isovaleric acid 
Phenol 


Trichloroacetic acid 


В.Р. °C of Azeotrope 


176. 8 
182. 0 


· 183. 5 


171.2 
181. 3 
178. 6 
184. 0 
176. 0 
172. 5 
172.6 
173.7 
181.0 


5и0д21020:р44 рагоиз8ооц 
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Table 3.37: n-Hexyl Chloride (7) 


С.Н, „СЇ 


Boiling range 
Flash point 
Specific gravity @20/20°C 


Table 3.38: Methylene Chloride (53) 


Product Description 

Methylene chloride is a clear, colorless, heavy, nonflam- 
mable liquid with a pleasant ethereal odor. It is the least 
toxic of the chloromethanes and is not photochemically 
reactive. As one of the most powerful solvents in the 
chlorinated group, it has found a wide range of applica- 
tions where superior solvency is important. Vulcan's 
methylene chloride is available in Technical, Aerosol, 
Degreasing, Special and Decaffeination grades. The 
Technical and Decaffeination grades meet the requirements 
of the American Chemical Society Reagent Chemical 
Specifications, 7th Edition, 1987, the Food Chemicals Codex, 
3rd Edition, the National Formulary XVI and Military 
Specification MIL-D-6998D. 


6 13 


270 


pepeque 
| --- 


z 
C 
Physical Properties $ 

Formula СНС, В 150 
Molecular Weight 84.94 Е 
Boiling Point 40.1°C; 104.2°F = 
Density 10.98 Ibs./gal. @ 25°C 8 120 
Specific Gravity @ 25/25°C 1.320 > 
Freezing Point -96.7°C; -142.1°F 
Viscosity @ 25°C 0.430 cP 90 
Flash Point None 


Latent Heat 


of Vaporization @ b.p. 


Specific Heat, 
liquid @ 20°C 
Solubility @ 25°C 
water in soivent 
solvent in water 


78.7 cal/g; 141.7 BTU/Ib 
0.276 cal/g^C 


0.170g/100g solvent 
1.32g/100g water 





133-135*C 
95*F 
0. 877 


Methylene Chloride 
Water Content vs. Cloud Pt. 


а а анча 


/ 


-50 -30 
Cloud Point Temperature, °C 





-20 
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Table 3.39: Isopropyl Chloride (7) 


CH3CHCICH3 
Boiling point 35.4°C 
Freezing point -117°C 
Refractive index 1. 3811 
Solubility in water $12. 5*C 0. 344 
Specific gravity @20/4°C 0. 8590 g/100 g 
Viscosity @22.5°C 0.2962 centipoise 
Weight per gallon 7.5 lb 
Table 3.40: Methyl Chloride (23) 
Monochloromethane CH3CI 
PHYSICAL PROPERTIES 
Molecular Weight. о boe e emu rac ER s 50.49 
ВоШпа Роии. 760 тт. Нз............... - 23.79 С. (- 10.7?Е.) 
Руссо РОЙ зо ноу ана мо We ees eet -97.6" С. 
Марог Ртеѕѕше, тт., Нд. а! 0° С. .............. РР 1892 
рава ОС оао оен youn eee е et reed 36.6 
Flammable limits, (percent by volume inair) ............. 10.7-17.4 
Бази Рот ..................... T — 50? F calculated 
Heat of Vaporization, 
сағат ар. ааа МУ 102.45 
Нез! о! Ғивіоп, Са! /тое.............................. 1537 
Неа! ог Сотризбоп Кса!. / тоје . ........................ 164.2 
Specific Heat, cal./gm. ° C. 
Бый аг 209° Со у ныш тии кв базык нык И Шы 0.381 
Марот а: 25? С. апд 1.021 аашто5. ................... 0.199 
Сгтса! Тетретгіше ..................... 143. 1 С. (289.49 Е.) 
Стписа! Реезеште,акто5....................... 65.9 (968.7 psia.) 
Critical Density, gm./cC. ccc cee eens 0.353 
Refractive Index, iquid at ~ 23.7° с. ТИЕК 1.3712 
Уврога: 25°С. эзше» узазишювкж кеки а алары 1.000703 
Solubility, cc/100 cc. solvent at 20° С. 
МЕ одо очи a as eer e E Ud a ERU ud Mc ыз: 303 
Вепгепе зн ена ТҮ ГТ ЕТ 4723 
Carbon Tetrachioride .............. азы quio elo greta 3756 
АСОС АСЕ ле svo oet E алат виа теми 3679 
ЕП Alcohol ooo и Кула коьре ов 3740 
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Table 3.40: (continued) 


Thermodynamic Properties of Methyl Chloride (Ideal Gas State) 








H*1-H?295 15 
T 


CONTENT 
CAL /MOLE 


"ACTUALLY IS 298 15° K. 


Density of Liquid Methyl Chloride 


GMS /ML 
LBS /GAL 





0. 
500 що -30-20 -10 0 10 20 30 40 50 60 


TEMPERATURE, °C 


Vapor Pressure of Methyl Chioride 


VAPOR PRESSURE, LBS /SQ IN ABSOLUTE 





10 20 30 40 50 60 


100 
—40 —30 —20 --10 
MER NE °С 


ref. D. B. Stull, Ind. Eng. Chem. 39, 517 (April, 1947) 





Hume 15 
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Density of Saturated Methyi Chioride Vapor 


о ТТТ ТТ ТТТ Дож 


0.028 
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ЕНЕ, °C 
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Viscosity of Liquid Methyl Chloride 
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Table 3.40: (continued) 


Viscosity of Methy! Chloride Vapor Heat Capacity of Liquid Methyl Chloride 

0.50 

с 0.45 
wW 
© 

Б = 0.40 
e Б 

З о 0.35 
x И 
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О 0.30 
- 
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© 0.25 
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Table 3.41: Monochlorohydrin (7) 


CICH4C H(O H)CH OH 
PHYSICAL PROPERTIES 
Boiling point 213°C 
Boiling range 213-228°C (decomposes) 
Specific gravity @18°C 1. 326 
Table 3.42: Pentachloroethane (7) 
| CHCl4—CCla4 


PHYSICAL PROPERTIES PENTACHLOROETHANE FORMS AZEOTROPES WITH: 


Acidity as HCl 0.001% by wt, max. 4, В.Р. “С of Azeotrope 
Boiling point @760 mm 161.9°C 

Coefficient of cubical expansion ы Acetamide 160.5 
Av. /*C, liquid 0. 0009097 26 Butyric acid 156.8 
Color (Saybolt) 18 max. 97 Camphene 159. 3 
Explosion limits None 9.9 Chloroacetic acid 158.7 
Flash point Nonflammable 36 Cyclohexanol 157.9 
Free halogen None 28 Cyclohexanone 165.4 
Freezing point -22.0%С 22,5 1, 3- Dichloro-2- Propanol 159.7 
Latent heat of. vaporization (0 B. P. 43.6 са1/ 32 Dimethyl oxalate 157.6 
OER и 65 Ethyl lactate 153.5 
Кенан атат о на 50 2-Furaldehyde 155.2 
Refractive index 1. 5035 15 Glycol 154. 5 
Solubility in water @25°C 0.05 g/100 g A Нау іс ей 16-8 
омаду етише кокан 0, 24 в water/100 g 50 Isoamyl propionate 158.7 
Specific gravity (020. 4*C 1. 678 43 Isobutyric acid 152,9 
Specific heat 9 Isovaleric acid 160. 3 
Liquid, 20*C 0. 215 cal/g/*C 56 Mesitylene 166.0 
Vapor density (B. P. and 760 mm) 568 g/liter 97 Methylheptenone 173. 3 
Vapor pressure @30°C 6 mm 9.5 Phenol 160.9 
Viacosity liquid @20°C 2.45 centipoises 89 a-Pinene 155. 6 


Weight per gallon @20°C 


14.00 lb 


Table 3.43: Perchloroethylene (22) 


PERCHLOR 


TYPICAL PROPERTIES 
Perchlorethylene is a clear, water-whitc liquid at ordinary temperatures. ]t is com- 
pletely miscible with most organic liquids. The stabilized product, Perchlor, can 
bc used with any of the common construction metals. 


Chemical Names: 


Chemical Formula: 


ССІЗССІ»; 
С ж 
„Сте, 
СТ Cl 


Tetrachloroethy lene: 
perchlorocthylene 


Heat of Vaporization 


at 760 mm Hg. cal/g 50.1 
Btu/lb 90.2 

Vapor Density at 121.1°C 

and 760 mm Hg. g/l 5.22 
Ib/fi? 0.326 

Specific Gravity of Vapor 

(air = }) 5.83 


Vapor Pressure at 20°C. 
mm Hg 14.2 


Table 3.43: (continued) 


TYPICAL PROPERTIES 


Molecular Weight 
Boiling Point. °F 

= 
Freezing Point. °F 

"Є 

Pounds per Gallon at 
68°F (20°C) 
Kilograms per Liter 
at 20°C 
Refractive Index. nj” 
Dielectric Constant at 
1000 cps and 25°C 
Specific Heat at 20°C 


Halogenated Hydrocarbons 


cal/(g) (°C) ог Віш/ (1) (СЕ) 
Flash Point (Tag open сир) 
Fire Point (Tag open cup) 


165.85 Evaporation Rate at 77°F 
250.0 (25°C) (ether = 100) 9 
121.1 gal/(ft2) (day) 0.15 
-8.2 Flammability Nonflammable 
=22.3 Viscosity at 20°C. cps 0.88 
Solubility at 25°C, 
13.57 g Perchlor/100 g water 0.015 
g water/100 g Perchlor 0.0105 
1.63 Azeotrope with Water, 
1.5053 Boiling Point, ?F 189.2 
°С 87.7 
2.365 Azeotropic Water Content. wt % 15.8 
0.205 Permissible Exposure Limit 
None (8-hour TWA) ppm 100 
None 


Specification and Typical Analysis, 


PPG Perchlor, Ali Grades: 


Appearance 


Color, APHA 
Odor 


Spot Test 

Specific Gravity, 20°C/20°C 

Nonvolatile Residue, wt % 

Free Chlorine 

Moisture 

Distillation Range (100%), °C 
°F 


pH 


Water, ppm by Weight 
З 


Specification 
Clear, free of 
suspended matter 
15 maximum 

Characteristic; 
no residual 
No spot or stain 
1.623 to 1.628 


0.0025 maximum 


None 
No cloud at 0°C 
120.0 to 122.0 
248.0 to 251.6 


Perchloroethylene (53) 


Waler T vs. Cloud PI. 





FF 
T 


— 


ым 


||| 
к 
шиш 
pf 
414; 
ВЕРЕ 


ит ae о = 


Typical 
Analysis 
Clear, free of 
suspended matter 


Characteristic; 
no residual 
No spot or stain 


No cloud at —5°C 
120.8 to 121.6 
249.4 to 250.9 

Drycleaning. 6.8 
Degreasing, 8.4 
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Table 3.44: Propylene Chiorohydrin (7) 


Chloroisopropy! Alcohol CH3CHOHCH)Cl 


Propylene chlorohydrin is a colorless liquid with a milk odor; it is freely 
soluble in water. It is largely used in organic syntheses, for the purpose 
of introducing the hydroxypropyl group. 


PHYSICAL PROPERTIES 


Acidity as HCl 0.02% by wt 
Absolute viscosity @20°C 4. 7 centipoises 
Apparent specific gravity @20/20°C 1.1128 
Boiling point @760 mm Hg 127.4°C 

5 50 mm Hg 59°С 

10 mm Hg 31°C 

Coefficient of expansion @55°C 0. 00097 
Constant-boiling mixture (2760 mm: 

c День approx. 46% B. P. 95.4"С 
Flash point (Cleveland О.С.) 125"F 
Molecular weight 94. 54 
Solubility in water Miscible in all propor- 

tions 
Vapor pressure @20°C 4. 9 mm Hg 
Weight per gallon (220*C 9. 29 lb 


Table 3.45: Propylene Dichloride (7) 


1,2-Dichloropropane CH3CHCICH2CI 
Propylene Chloride 


PHYSICAL PROPERTIES 


Acidity as HCl 0.005% max. 
Boiling point 95.9°C 
Boiling range @ 760 mm 93-99°C 


Coefficient of expansion per °C 


Dielectric constant, 
85. 8 kilocycles 


Explosive limits in air 


Flash point (ASTM O. C.) 
Free halogen 

Freezing point 

Ignition temperature in air 


Latent heat of vaporization 
Q B. P. 


Nonvolatile matter 
Refractive index 
Solubility in water @20°C 


Solubility of water in solvent 
@20°C 


Specific gravity @20/20°C 
Specific heat 

Liquid, 20°C 
Surface tension @25°C 
Vapor density (B. P., 760 mm) 
Vapor pressure @20°C 
Viscosity @20°C 
Weight per gallon @20°C 


0.001108-20*C 
0.001153-55*C 


8.925 recip. ohms @ 26° 
Lower = 3.14% by vol. @25°C 


Upper 14. 5% by vol. @100°C 
21°C 

None 

~70°C 

557°C 

72.2 cal/g 

0.005 g/100 cc, max. 
1.4418 

0.26% by wt 

0.07% by wt 

1.157-1. 163 


0. 31 cal/g/ *C or Btu/1b/*F 
31. 4 dynes/cm 

3.72 g/liter 

35.8 mm 

0.00865 poise 

9.65 lb 


Table 3.46: 1,1,2,2-Tetrachloroethane (7) 


Acetylene Tetrachloride 
Bonoform 


Acidity as HCl 
Boiling point 


Coefficient of cubical expansion 
Av. / *C, liquid 


Fire point 

Flash point 

Free halogen 

Freezing point 

Heat of vaporization @B. P. 
Refractive index 

Residue on evaporation 
Solubility in water @ 25°C 


Solubility of water in solvent 
@20°C 


Vapor pressure @ 30°C 
Viscosity liquid @20°C 
Water: no cloud Q -10*C 
Weight per gallon @25°C 
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СНСІ -СНСІ» 


0.0027% by wt, max. 
146,5°C 


0.000998 (15-99°C) 
Nonflammable 
Nonflammable 

None 

-43"С 

55.1 cal/g 

1, 4942 

0.00062% by wt 
0.32% by wt 


0.03% by wt 
9mm 

1.7 centipoises 
0.032% by wt 
13.25 lb 


1,1,2,2-TETRACHLOROETHANE FORMS AZEOTROPES WITH: 


% 
45 Butyl propionate 
3. 8 Butyric acid 
1.8 Chloroacetic acid 
55 Cyclohexanone 
74 2-Ethoxyethyl acetate 
27 Ethyl chloroacetate 
39 Ethyl orthoformate 
97 2-Furaldehyde 
9 Glycol 
32 Isoamyl acetate 
98 Isoamyl alcohol 
37 Isobutyl isobutyrate 
7 Isobutyric acid 
15 Mesityl oxide 
52 Methy! lactate 
60 Propionic acid 
34 Propyl butyrate 


45 Styrene 


В.Р. "С of Azeotrope 


152.5 
145.7 
146. 3 
159. 1 
158. 2 
147. 5 
151.5 
161.6 
145.1 
150.1 
131.3 
144.9 
144.8 
147.5 
143.3 
140.4 
150.2 
143.5 


Table 3.47: Tetrachloroethylene (27) 


Perchloroethylene 
Tetrachloroethene ССІ “ССІ; 
PHYSICAL PROPERTIES TE TRACH LOROETHY LENE FORMS AZEOTROPES WITH: 
Acidity ав НСІ 0.001% by wt, max. % В.Р. "С of Azeotrope 
Boiling point 121.0"С 
Boiling range @760 mm 120-122“С 2. € Acetamide d 
Coefficient of cubical expansion 2905 еве жена А 
Av. /°C, liquid 0. 001079 (15-90°С) 46 Allyl alcohol 93.4 
Color (Saybolt) 22 52 1- Bromo- 3- Methylbutane 119. 3 
Dielectric constant, 1000 cycle г. 20 29 Butanol 109.0 
Dielectric strength, 0. |“ gap 30,000 volts 24,3 2-Chloroethanol 110,0 
Explosive limits None 26 Diethyl carbonate 118.6 
Fire point Nonflammable 51,5 Epichlorohydrin 110.1 
Flaeh point Nonflammable 63 Ethanol 76.8 
Freezing point -22.4*C 43 Ethyl butyrate 119.5 
Latent heat of vaporization @B, P. 50.1 cal/g 6 Glycol 119. 1 
Nonvolatile matter 0. 0007% by wt, max. 20 Isoamy! alcohol 116. 1 
Power factor, 1000 cycle 0.02% 35 Isoamyl formate 117.9 
Refractive index 1.5055 40 Isobutanol 103.1 
Residue on evaporation 0.0106% by wt, max. 70 Isopropanol 81,7 
Solubility in water @25°C 0, 04% by wt 3 Isobutyric acid 120.5 
Solubility of water in solvent 53 Isobutyl acetate 115. 5 
@20°С НЕ Бум 35 Isobutyl ether 119.5 
Specific gravity @25/25°C 1.618 55 Isopropyl isobutyrate 119.0 
Specific heat 0.21 cal/g/*C 342% 3 меноквінаної 109.7 
Specific resistivity 1.8 х 1013 ohms/cm 42 Isobutyl nitrate 117.0 
Vapor pressure @30°C 28 mm 52 4-Methyl-2-Pentanone 113.9 
Viscosity @ 20°C 0. 90 centipoise 32 Paraldehyde 118.8 
Water content 0. 008% by wt 48 Propanol 94. | 
Weight per gallon @25°C 13.46 lb 8.5 Propionic: acid 119.2 
19.5 Pyrrol 113.4 
43 1,1,2-Trichloroethane 112.0 
52 Triethyl borate 117.5 


(continued) 
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Table 3.47: (continued) 


TEMPERATURE. 'F 
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Table 3.48: Trichlorobenzenes (7) 


Synonym: 


Physical state 
Boiling point: 
@760 mm 

Density: 
25/25°C 

Flash point: 
(Tag C.C.) 

Index (p) of 
Refraction: 


1,2, 3- ,2,4- 
TRICHLOROBENZENE TRICHLOROBENZENE 


Cl 


уіс- Тгісбніого- 
benzene ` 


White crystals 


221°C 
(429. 8*F) 


1. 69 (solid) 
113°C 
(235. 4*F) 


1. 5776 


Table 3.49: 1,1,1-Trichloroethane (53) 


Ci 


с! 


une-Trichloro- 
benzene 


Colorless liquid 
213°C 
(415.4°F) 

1.451 (liquid) 


110°C 
(230. 0*F) 


1. 5732 


TLV-TWA Values 


SOLVENT 


Solvent 111? (1,1,1-trichloroethane) 
Trichloroethylene 
Perchloroethylene 
Methylene Chloride 
Chloroform 
1,1,2-trichloroethane 
Stoddard Solvent 

Toluene 

Xylene 

Turpentine 

Methyl Alcohol (Methanol) 
Benzene 


*1985-86 values 


1,3, 5- 
TRICHLOROBENZENE 


8. 


sym-Trichiaro- 
benzene 


White crystals 


208. 5°C 
(407. 3*F) 


107*C 
(224. 6°F) 


1. 5662 


TLV-TWA* 
(ppm in air) 
350 
50 
50 
100 
10 
10 
100 
100 
100 
100 
200 
10 
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Table 3.49: (continued) 


Specifications for SOLVENT 111 


General Purpose Grade 


COMPONENT SPECIFICATIONS 
Appearance Clear, free from 
| suspended matter 

Color, APHA 15 max. 
Specific Gravity @ 25/259С. 1.318 - 1.324 
Distillation Range, °C. 

760 тт. (ВР to DP 72 - 88 
Free Halogens None 
Acidity, as HC] 0.001% by wt. max. 
Nonvolatile Matter 0.001% by wt. max. 
Water 0.0100% by wt. max. 
Purity: 

1,1,1-trichloroethane content 96.0% by wt. min. 

1,1,1-trichlorethane content 95.0% by vol. min. 

Individual halogenated impurities 0.5% by wt. max. 

Total halogenated impurities 1.0% by wt. max. 
Acid Acceptance, as NaOH (ASTM D-2942) 0.20% by wt. min. 
Aluminum Corrosion Test Passes O-T-620c 
Metals Corrosion Test Passes MIL-T-81533A 
Stability (accelerated oxidation test) Passes MIL-T-81533A 


Solvent 1119, General Purpose Grade meets requirements of Federal Specification O-T- 
620c (1,1,1-trichloroethane, technical) and Military Specification MIL-T-81533A 
(1,1,1-trichloroethane, vapor degreasing.) 


Aerosol Grade 


COMPONENT 


Appearance 


Color, APHA 

Specific Gravity (à 25/259C. 

Distillation Range, °C. 
760 mm. IBP to DP 

Free Halogens 

Acidity, HCl 

Nonvolatile Matter 

Water 

Purity: 
1,1,1-trichloroethane content 
1,1,1-trichloroethane content 
Individual halogenated impurities 
Total halogenated impurities 

Acid Acceptance as NaOH 


SPECIFICATIONS 


Clear, free from 
suspended matter 
15 max. 
1.295 - 1.303 


68 - 78 

None 
0.00196 by wt. max. 
0.00196 by wt. max. 
0.010096 by wt. max. 


95.096 by wt. min. 
95.096 by vol. min. 
0.596 by wt. max. 
1.096 by wt. max. 
0.2096 by wt. min. 
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Table 3.49: (continued) 
Physical Properties of SOLVENT 111 


Chemical Formula. 4. ier et oe ee ttn thd о = EN ee Fp Г КККК ККУ во ии CCI,CH, 
Molecular Weight љета рата пећи ан о ае фа 133.4 
ЕгеепЕ Рот ес о ао о ооо оо безо SA -37.9 
Boiling Pointat1 atm, °C |... sees a au 74.1 
Heat of Vaporization at Boiling Point, cal/g........... Path besten de Sit di ГЕР РТРК Бра Ааа бон бар уби й ња 54.4“ 
ВО ое БО I DER ERR CON ende de dco ires dot gae pa d DR aes 98* 
Specific Heat, Liquid at 209C, cal/g/?C (Btu/lb/9F) ............. аа РР ПОРО РОЛИ 0.25“ 
Critical Temperature, С... о Pee А АЕ „= = = = ee 272.5" 
Сийса! Ргеззите їі КОЛКО a UR at Ea CO Paci ei Wb dekh BER BE о мо но а о 39.8“ 
Thermal conductivity, Liquid at 209C, Btu/hr/ft/9F/ft |... oo i o ld 0.080 
Specific Gravity of Liquid, 25/25°C ..................... ees давај бинарна одн ih Sa ЗБРОЯ човин Be I | 1.319 
аи Оеп$Ку, роипдв рег раПоп а 259. eee 10.97 
Амегаве Сое степ! о! СиБ!са! Ехрапя топ, (аи, рег ?С, (0104098). .... .......................... 0.00116 
Specific Gravity of Vapor at 1 atm at bp (air=1) 00 ee 4.6 
ViscositvLiddig 2209 C СРО н обори ДА dt нь ЗА SE Pee hee PEERED e dp 0.86 
Surface Tension аҰ 259С, булпеб/ст..................................................................... 25.5 


Solubility at 25°C, 


g Solvent111® in100 gwater.... ee 0.07 
g Water in 100 g Solvent 1119 ......... ee 0.04 
Кеггас ме |пдех по, пашд а 2090 .................................................................. 1.4374* 
Liguid at258C о ы а араби Варава ри оет 1.435 
Dielectric Strength, Liquid at 25°C, kV, (ASTM 0877)....................................................... 25 
Dielectric Constant, Liquid, 100 kHz, at 25°C (ASTM D 924)... aaa ee 7.0 
VapoFPIBSSUFB- а асо а оао а eU Ae A A 5 
ГЕП ОГОО т оа ем a a Бъта пе E a A aaa УЛООСУ Г Т dnd 6 
Flash Point (ASTM D 1310) Lim Edel e roe ed be А Ка а Кк У вани RES Мопе 
Explosion Point(ASTM D 1310) 5 dou er d ERA Yam IER REN QN eue e dye yl dide eer a S None 
Autoignition Temperature, 9C. ...... iili ll e ee rs 458 
Flammable Range, ЖФуіп Аі! аҰ259С................................................................. 7.5-15.0 
Evaporation Rate (Ether =100) aaa ааа 35 
Binary Azeotropes: 
Component 96 Бум! Boiling Point 
Water 43 65.09С (1499Ғ) 
Methanol 23.0 55.5°C (132°F) 
Ethanol 17.4 64.4°C (148°F) 
Isopropanol 18.2 68.7°C (155.6°F) 
п-Ргорапо! 71 72.39C (1629) 
Нехапе 289 60.0°C (140°F) 


*Values for unstabilized 1,1,1-trichloroethane 
(continued) 


Table 3.49: (continued) 


Density of SOLVENT 111 


Vapor Pressure of SOLVENT 111 
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Table 3.49: (continued) 


Properties of Mixtures of SOLVENT 111 and Oil 


Boiling Temperature 
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(continued) 


Table 3.49: (continued) 


Properties 


Boiling Point 
(760mm Hg), °F (°C) 


Freezing Point, °F (°C) 


Liquid Specific 
Gravity, 25/25°C 


Specific Heat of 
Liquid at 20°C, 
(са ФС) 
or (Btu/Ib/9F) 


Heat of Vaporization, 
cal/g 
Btu/lb 


Refractive Index 
at 259C 


Viscosity at 209C, 
cP 


Density at 25°C, 
(Ibs. /gal) 


Flash Point 
Fire Point 


Vapor Density at bp, 
ын 


Vapor Specific 
Gravity (air= 1.0) 


Kaur-butanol value 
(ASTM D 1133) 


Evaporation Rate, 
Ether = 100 
Carbon Tetra- 

chloride — 100 


Energy required to 
convert 1 Ib. liquid 
at 70°F to vapor at 
bp and 1 atm, (Stu) 


Energy required to 
convert 1 gal. liquid 
at 70°F to vapor at 
bp and 1 atm, (Btu) 


Comparative Physical Properties—Chlorinated Solvents 


Solvent 1119 


165 (74) 


-36(-38) 


1.319 


0.25 


544 
98.0 


1.435 


0.86 


10.97 
None 


None 


0.279 


4.55 


124 


35 


100 


127 


1410 


ТгісНіого- 


- ethylene 


188 (86.7) 


-122(-85.5) 


1.456 


0.23 


57.2 
103 


1.473 


0.58 


12.10 
None 


None 


0.278 


4.54 


129 


28 


84 


124 


1500 


Halogenated Hydrocarbons 


Perchloro- 
ethylene 


250 (121) 


-%-22) 


1.620 


0.21 


50.8 
91.4 


1.503 


0.88 


13.47 
Мопе 


Мопе 


0.326 


5.73 


39 


125 


1690 


Methylene 
Chloride 


104 (39.8) 


-142(-97) 


1.320 


0.28 


78.7 
1417 


1.424 


0.42 


10.98 
None 


None 


0.206 


2.93 
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Table 3.50: 1,1,2-Trichloroethane (7) 
beta-Trichloroethane 
Міпу! ТгісНіогіде 
Ethylene Trichloride 


CI—CH2CH-CI2 


PHYSICAL PROPERTIES 


0.0001% by wt, max. 
113. 5"С 


Acidity ав HCl 
Boiling point @760 mm 
Boiling range @760 mm 


111. 8- 113. 3*C (5-959) 


Fire point Nonflammable 

Flash point Nonflammable 

Free halogen None 

Freezing point ~36.7°C 

Latent heat of evaporation @B. P. 68. 7 cal/g 


Nonvolatile matter None 

Refractive index 1.4711 

Solubility in water @25°C 

Solubility of water in solvent 
Q20*C 


Table 3.51: Trichioroethylene (7)(27) 


0. 48 g/100 g 


Spec ific gravity @20/4°C 


Specific heat 
Liquid, 20°C 


Specific resistivity 
Vapor density (В.Р., 760 тт) 
Vapor pressure @30°C 


Q90*C (194°F) 
@100°C  (212*F) 
@110°C  (230*F) 
@114°C (237°F) 


Water 
Weight per gallon @20°C 


0.03 g water/100 g 


1,2, 2-Trichloroethylene 


1. 441 


0. 266 cal/g/°C 
5.2 x 109 ohms/cm 
4.21 g/liter 


36 mm 

369 mm 
505 mm 
680 mm 
764 mm 


0.007% by wt, max. 
12. 04 1b 


PHYSICAL PROPERTIES 


Acidity as HCl 
Boiling point 
Boiling range 760 mm 


Coefficient of expansion per *C 

Color (Saybolt) 

Dielectric constant, 1000 cycle 

Fire point 

Flash point (ASTM O.C.) 

Free chlorine 

Freezing point 

Latent heat of vaporization @B. P. 

Nonvolatile matter 

Power factor, 1000 cycle 

Refractive index @27°C 

Solubility in water @25°C 

Solubility of water in solvent 
@25°C 

Specific gravity @20/20°C 

Surface tension @25°C 


Vapor pressure @-20°C 
- 9"С 
0%С 
20°C 
40°C 
50°C 
65°C 
77°C 


эээ 


Viscosity @25°C 
Water content 
Weight per gallon @20°C 


Not more than 0.001% 
86.7“ С 


95% or better distills 
{гот 86. 0-87. 5 °С 


0.00115-20*C 
24 max. 

3. 27 
Nonflammable 
None Q B. P. 


None 
-86.4“ С 


57.3 cal/g 

0. 00067% by wt, max. 
2.2% 

1.4735 

0.10% by wt 


0.02% by wt 
1. 4655 
32.0 dynes/cm 


4.5mm 
9.0 mm 
17.4 mm 
56.0 mm 
145 mm 
230 mm 
385 mm 
562 mm 


0, 00550 poise 
0.002% by wt 
12. 20 1b 
(continued) 
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: (continued) 


Table 3.51 


Vapor Pressure/ Temperature Variation 
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снсі-ССІ; 


TRICHLOROE THY LENE FORMS AZEOTROPES WITH: 


Water, ppm by Weight 





% | B.P. °C of Azeotrope 
3.8 Acetic acid 87.0 
16 Allyl alcohol 81.0 
7.5 tert-Amyl alcohol 86.7 
г. 5 Butanol 86.9 
33 tert- Butanol 75.8 
12 1, 2-Dichloroethane 82.9 
46. Diethoxymethane 89. 29 
8 Isobutanol 85.4 
30 Isopropanol 75. 5 
17 Ргорапо! 81. 8 
80 Propyl formate 79.5 
27 Ethanol 70.9 

Trichloroethylene (53) 
Water Content vs. Cloud Pt. 
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Vapor Pressure of Chlorinated Solvents (53) 


Table 3.53 


Table 3.52: Density of Chlorinated Solvents (53) 


Halogenated Hydrocarbons 
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Table 3.54: Trichloropropane (7) 


CH2CICHCICHaCI 


PHYSICAL PROPERTIES 


Analysis, % W 
Trichloropropane 
Epichlorohydrin 
Glycerol dichlorohydrin 

Color, Pt-Co 


Distillation range, IBP 
90% 

95% 

DP 


Flash point 

Molecular weight 
Refractive index 

Specific gravity @20/20°C 


97,0 
1.5 
1.5 


15 


150°C 

156.1°C 
156.1°C 
156. 6*C 


165*F 
147. 44 
1. 4832 
1. 385 


1,2, 3- TRICHLOROPROPANE FORMS AZEOTROPES WITH 


^ 
35 Camphene 
30 2, 1- Dimethyloctane 
15 a-Pinene 


Table 3.55: Triglycol Dichloride (7) 


B.P. *C of Azeotrope 


152. 9 
155.5 
150.0 


Cl(CHyCHyO)9CHy CH) Cl 


PHYSICAL PROPERTIES 


Acidity as НСІ 
Boiling point @ 760 mm 
Boiling range @760 mm 


Color (Pt-Co scale) 
Dryness @20°C 


Flash point (O. с.) 

Solubility in water @20°C 

Solubility of water in solvent @ 20°C 
Specific gravity @20/20°C 

Vapor pressure @20°C 

Weight per gallon @20°C 


0.01% by wt, max, 
241, 3°C 


Not more than 5% dis- 
tills below 235°C 

Not less than 95% dis- 
tills below 242°C 


25 тах. 


Miscible with 19 vol. 
60°Be gasoline 


250°F 

1. 89% by wt 

0. 83% by wt 
1.1950-1.2000 
0.06 mm 

9. 97 1b 


Table 3.56: Vinyl Chloride (7) 


Monochloroethylene 
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СН тСНСІ 


PHYSICAL PROPERTIES 


Acetaldehyde 
Boiling point @760 mm 
Boiling range @760 mm 


Color 

Freezing point 

Heat of evaporization 
Residue 

Specific gravity Q B. P. 
Specific heat 

Solubility in water @25°C 
Weight per gallon @20°C 


Table 3.57: Vinylidene Chloride (23) 


Not more than 0. 595 by wt 
-13.9°C 


Not less than 95% distilla over 
before the temperature of the 
liquid reaches 10°C 


Water-white 

-159.7"С 

81.6 cal/g 

Not more than 0. 5% by vol. 
0.97 

0. 27 cal/g/ *C 

Slightly soluble 

7. 59 tb 


Molecular Weight (theoretical) нн 


96.95 


Odor ....Pleasant, Sweet 
ADDeSaraBCE. i ooo соя ы бады Clear liquid 
Color 10-15 APHA 
Solubility of monomer in Н.0 at 25°C, 

WE) Ж a E e ылары 0.021 
Solubility of H:O tn monomer at 25°C, 

ое nara 0.035 
Boiling Point (760 тт На), °С __.................... + 31.56 
Freezing POU °С ............................................ —122.5 


Vapor Pressure 


log Pm = 6.98200-1104.29/ (t+ 237.697) 
Temperatures calculated at selected pressure 


Pressure (mm Mg) 


760 


200 
100 
60 
40 
20 
10 
5 

1 
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Table 3.57: (continued) 


Liquid density 


Temperature (°C) 


—20 
0 
+20 
Pounds / gallon 
Temperature (°C) 
—20 
0 
20 
index of Refraction 
Temperature (°C) 
10 1.43062 
15 1.42777 
20 1.42468 
Absolute Viscosity 
Temperature (°C) Viscosity (cps) 
--20 0.4478 
0 0.3939 
+20 0.3302 
Flash Point (Tag closed cup), °F 0 
Explosive limits in air (28°C), % 7.3 - 16.0 
Auto-ignition temperature, °F 1058 
Q Value = 0.22 
e Value -— 0.36 
Latent Heat of Vaporization, 
д Ну саї/тоїв аї 250 n .....= 6,328 + 0.3% 
at Boiling Point — 33 sete dere iow = 6,257 + 0.3% 
Latent Heat of Fusion, A Hm  cal/mole |... 1,557 
Heat of Polymerization, 
AHp kcal/mole at 25°C |. a = —18.0+ 09 
А Нр ВТЛВа 776 и == 334 (exothermic) 
Heat of Combustion, Liquid Monomer 
А Нс К са/тое .. = 261.93 + 0.3 
Heat of Formation, 
Liquid Monomer, АН, k cal/mole .= — 6.0 + 0.3 
Gaseous Monomer, A He k cal/mote = +03 + 0.3 
Heat Capacity, Liquid Monomer, 
C, cat/mole дер 21251590 2. лы ама ы ЫМ et Ы == 26.745 
Heat Capacity, Idea! Gas State 
Се. “са тоје deg-3t 29.19" E. аа ааа до абаа = 16.04 
Critical Temperature, Т. °С онаа = 222 
Critical Pressure, Р. Акто5рПеге5 ...................... нон = 61.3 


Critical Volume, V. cm?/mole |... носена = 219 


COMPARATIVE DATA 


Table 3.58: Alpha Cleaning Solvents (62) 


Alpha 564M and 565 


Alpha 564M and 565 are functionally azeotropic 
blends of a chlorinated solvent and a polar 
component, designed for effective cleaning of post- 
soldering flux residues from pcb's and other 
electronic assemblies. Both formulations have no 
flash points. Compared to the fluorocarbons, they 
are more aggressive, more effective cleaners, yet 
lower in cost. 


564M 


Perchlorethylene and propylene glycol monomethyl 
ether. 


565" 


1,1,1,-Trichtoroethane and n-propy! alcohol. 


PHYSICAL PROPERTIES' 


Property 564M 565 
Specific Gravity 1.540 1.285 
+ 0.010 + 0.005 
Lb./Gal. 12.81 10.69 
Residue on Evaporation 
(ppm max.) 25 10 


Alkalinity (calc. 
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Alpha 1001 and 1003 


Alpha 1001 and 1003 are azeotropes of Fluoro- 
carbon 112 (tetrachlorodifluoroethane) and polar 


. alcohols formulated for effective cleaning of post- 


soldering flux residues from pcb's and other 
electronic assemblies. Compared to chlorinated 
solvents, they are less aggressive and can be used 
on normally solvent-sensitive plastic materials. 
They are more effective solvents than Fluorocarbon 
113 (trichlorotrifluoroethane)-based products, 
because of the extra chiorine atom. 


1001 


Contains 28% isopropyl alcohol and has a Tag 
Open Cup Ftash Point of 85°F. 


1003 


Contains 15% n-propyl alcohol and has no TOC 
Flash Point below its boiling point of 180 °F. 


SPECIFICATIONS' 
Property | 1001 1003 


1.254 +0.020 1.423 +0.020 


Specific Gravity 
al. 10.42 11.83 


Lb./G 
Residue on 


Evaporation 


as ppm NaOH) 50(max) — 
Acidity (calc. as 

ppm HCI) — 10 (max.) 
Acid Acceptance (calc. 

as Wt. % NaOH) 0.07, Min. 0.15, Min. 
Appearance 
clarity Clear 
color (Max. A.P.H.A.) 40 15 
Boiting Point 118°C 74°C 

(244°F) (165°F) 
Freezing Point <0°C -34 С 
(<32°F) (— 30°F) 

Vapor Density at 

Boiling Point (tb./ 

cu. ft)? 0.307 0.272 
Latent Heat of 

Vaporization at Boiling 

Point (Btu/Ib.)? 100 133 
Specific Heat 

(Btu/Ib./°F)? 0.244 0.268 
Vapor Pressure 

(mm Hg)? @ 20°C 14.0 92.8 
Surface Tension 

(dyne/cm.) @ 20°C? 31.9 25.0 
Kauri-Butanol 
Value 182 206 
Evaporating Rate 

(relative)? 0.21 0.55 
Solubility of Water in 

Solvent (grams/100cc) «0.1 0.2 
Toxicity (TLV)? 100 345 
Flash Point* 

Tag Open Cup NONE 

Tag Closed Cup NONE 
Fire Point NONE 
NOTES: 


1. Unless specified, properties are at room 
temperature (25°C; 77°F) and 1 atmosphere 


(760 mm Hg). 


2. Calculated values. 


3. Relative evaporation rate calculated with a 
value of 1.00 assigned to FC113. 
4. As per OSHA recommendations. 


ppm max) _____ _ 
pH of Water Extract 
Min. Acid Acceptance ман 

(cal. as Wt. 

% NaOH) 0.50 0.22 
Appearance 

clarity Clear 

color (Max. | 

A.P.H.A.) 15 

Boiting Point 76°C (168°F) 82°C (180°F) 
Freezing Point — 14°C (6°F) 6°C (43°F) 
Vapor Density at 








Boiling Point 

(Ib./cu. ft.) 0.268 0.323 
Latent Heat of 

Vaporization at 

Boiling Point 

(Btu/!b.)? 128 100 
Specific Heat 

(Btu/Ib./ °F)? 0.323 0.271 
Vapor Pressure 

(mm Hag)? 42.0 39.7 
Kauri-Butano! Value? 71 
Evaporation Rate 

(relative) 0.53 
Solubility of Water 

in Solvent (grams/ 

100 cc) 5.6 1.8 
Toxicity (TLV)? 470 455 
Flash Points’ 

Tag Open Cup 29°C (85°F) None to 

Boiling 

Tag Closed Cup None None 
Fire Point ___ 29°С (85°Р) Мопе 
Notes: 


‘Unless specified, properties are room temperature 
(25°C; 77?F) and 1 atmosphere (760 mm Hg). 
*Calculated values. 

*Major constituent only. | 

“Relative evaporation rate calculated with a value 
of 1.00 assigned to F113. 

*As per OSHA recommendations. Use of Cleveland 
Open Cup Test yields values significantly higher. 
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Table 3.59: Ashland Chlorinated Solvents (69) 


LB./GAL. SP. GR. BOILING RANGE FL. PT. EVAP. ^ 
PRODUCT 25?/25?C 257/25? C °С ка °F TCC RATE' 
Methylene Chloride 11.0 1.321 39.4-40.4 103-105 None 14.5 
Chloroform 12.3 1.481 60-62 140-143 None -- 
1, 1, t-Trichlorethane 10.9 1.312 72-88 162-190 Мопе 4.6 
Carbon Tetrachloride 13.2 1.582 76-77 169-171 None 6.0 


Ethylene Dichloride 10.5 1.260 83-85 180-184 70 4.5 


Trichlorethylene 12.1 1.456 86-88 187-190 None 2.6 
Propylene Dichloride 9.6 1:157 92-99 198-210 64 3.2 
Perchlorethylene 13.5 1.619 120-122 248-252 None 2.1 
Monochiorobenzene 9.2 1.101 131-133 268-271 82 1.07 
Orthodichlorobenzene 10.9 1.308 180-183 356-361 155 0.15 


! n-Buty! Acetate = 1 





Table 3.60: Chemcentral Chlorinated Solvents (67) 


Specitic : A Spec. Refrac- Distittation Range 
Gravity Р Gravity live 42 760 mm Hg 

$ Рег Index = 
ec @ 25°C ^C ор 


















Mole 
Weight 





CHLORINATED SOLVENTS 













































































!.1 3, TRICHLOROETHANE 71 55-6 . 000125 таза (| 1490 | 165194 
ETHYLENE DICHLORIDE | 107-06-2 | 990117. _ 14427 | 815855 | 179186 

METHYLENE CHLORIDE TECH. 1509-2 __ 0.0014 „142 | 400408 | 104-1055 

MONOCHLOROBENZENE зА. E 1.5215 131.7-132 269.270 — 

_ ORTHODICHLOROBENZENE 1.64828 180-183 356-362 
PERCHLORETHYLENE 127384 — 121.423 | 250-254 
TRICHLORETHYLENE- Extract n | 79-016 " 87-88 _ 188.190 
TRICHLORETHYLENE — Degr g 79-016 _ 87-86 188-190 

ссна9 ЕЕ Ur 39-123 103-254 
_SCR49COLDDEGREASER — 108-386 
42-160 108-320 


SC #149 COLD DEGREASER 





















Explosive Limits Solu- 
CHLORINATED SOLVENTS % by Vol. in Air АДА 
ater 
1.4.1. TRICHLOROETHANE 85 
ETHYLENE DICHLORIDE 98 
METHYLENE CHLORIDE TECH | 97 
 MONOCHLOROBENZENE _95 _ 
 ORTHODICHLOROBENZENE — _ 100 _ 
~ PERCHLORETHYLENE 7 93 
TRICHLORETHYLENE-- Extract n 93 
TRICHLORETHYLENE -Degrg = па 
си. | veut Lr dins: ии lc ONE EX. 4 
“SC #49COLODEGREASER " | æo | 003 фе о а 
83 


SC №149 СОО ОЕСВЕАБЕН 
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Table 3.61: Dow Chemical Chlorinated Solvents (23) 


Physical Properties of Chlorinated Solvents 








SOLVENTS 
METHYLENE INHIBITED 1,1,1- TRICHLORO- PERCHLORO- 

PROPERTIES CHLORIDE TRICHLOROETHANE ETHYLENE ETHYLENE 
Chemical Formula 
Molecular Weight 84.9 133.4 131.4 165.8 
Boiling Pt. @ 103.5°F 165°F 189°F 250“ Е 

760 mm Hg (39.7°C) (74°C) (87°C) (121.1°C) 

-139°F -34°F -124°F -9°F 

а а (-95°C) (-37°C) (-86.7°C) (-22.8°C) 
Specific Gravity 1619 

(9 25/259C 1.32 1.32 1.456 6 
Pounds per Gallon 47 

@ 25°C 10.98 10.97 12.11 13. 
Vapor Density 

(air = 1.00) 
эре самаго 0.283 0.259 0.226 0.209 

cal/g°C 
Heat of Vaporization @ 

Boiling Point 

cal/g 

BTU/Ib 
Refractive Index 

@ 25°C 1.421 1.434 1.474 1.503 
Viscosity @ 25°C 0.41 0.79 0.54 0.84 

centipoises 


Flash Point Tag Open Cup 
ASTM, Method D-1310 
Tag Closed Cup ASTM, 

Method D-56 


Solubility (g/100g) @ 25°C 
ЊО in solvent 
solvent in H,0 





Surface Tension (dynes/cm 1 
@ 25°C) 27.1 25.1 28.7 31.8 
Kauri Butano! Value 
Solvent-Water Azeotropic 100.6°F 149°F 164°F 190°F 
Boiling Point (38.1°C) (65°C) (73.3°C) (87.8°C) 


Flammable Limits (volume % 
of solvent in air) @ 25°C 


Lower Limit | 8.0 
Upper Limit | 9.2 (saturation) 
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Table 3.61: (continued) 


Relative Evaporation Ratest 


n-Butyl acetate 
Ethanol" 
Perchloroethylene 
Methyl alcohol 


Trichloroethylene 
Methyl ethyl ketone 
1,1,1- Trichloroethane 
Acetone 

Methylene chloride 





“958 Е! ОН, 59 Н,0 
t Evaporation rates measured with respect to n-butyl acetate. Larger numbers reflect faster evaporation. As measured by ASTM D3539-76. 


Methylene Chloride Compatibility with Plastics, Elastomers and Rubbers 


% Linear Swell 


Plastics Initial After Drying 
Polypropylene (General Purpose Сгаде) ....................................... 3.5 0 
Polyethylene 3300 (Ніҙһ Оепвігу) ................................................ 1.0 0 
Polyethylene (Linear) 5252555 ылы ОЙ 3.0 -0.5 
Роіуайотег (Ећуіепе Ргоруіепе Сороіутег) ................................ 4.0 0 
Асеїаѓе (Сеїшціо5е Асебїате) ............... нання А.В 0 
Butyrate (СеШшіове Асеіаге Вифугайе) ........................................... С - 
Ргорюпа!е (Сейшозе Асебағе Ргоріопа!е) .................................... С - 
Brand of Elastomers and Rubbers 

Chardon 15093% oru eee Ur неа 56.0 -0.5 
Chardon 15096-2" к наалы науа са аанын 80.5 -3.0 
Chardon: 15120" здоро aN 76.5 -2.5 
НУСаг 10001325. не 44.5 -3.0 
(Acrylonitrile/butadiene high acrylonitrile content) 

Нусаг 1014“ (Випа М |ом acrylonitrile content) .............................. 55.0 -4.5 
Thiokol 3000 FA (Polysulfide Rubber) .................. een 52.5 -1.5 
Thiokol 3500 ST-C iiiter QUA EU қыны ен ыны деды 50.0 -0.5 
I SIT M ——----—-———————Q 64.0 -4.5 
Dow Corning 94-002? (ҒіиоговИісопе КиБрег) ............................. 16.0 -2.0 
Silastic LS-63° (Fluorosilicone Киббег) ........................................... 16.5 0 
Silastic S-6526^ (5ійїсопе КиБбег) .......................... nne 34.5 = 
Зіїазбіс 805 (5іїйїсопе Киббег) ........... м... нн 24.0 -0.5 
паза 6751 зано аиры ————————— оС 38.5 -0.5 
Key: (Negative sign indicates sample decreased in size. Data to nearest 0.5%.) 

a. Chardon Rubber Company A. Distorted and softened 

b. Dow Coming Corporation B. Partially dissolved or disintegrated 

c. B.F. Goodrich Chemical Company C. Totally dissolved or disintegrated 


d. Thiokol Chemical Company 
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Table 3.61: (continued) 


Halogenated Hydrocarbons 


Solubilities of Resins, Waxes and Fats in Methylene Chloride 


Material or Brand Solubilityt 
Resins 
ABALYN - Resin esterified 

With рјусеппе нн. >100 
ACRYLOID B-82 — Acrylic ester ...... >100 
AMBEROL 801-XLT — Phenolic ....... >100 
AMBEROL ST-137-X - Phenol- | 

formaldehyde .......................... >100 
BAKELITE CKR-5254 — Phenolic ...... < 20 
BECKACITE 1001 — Phenolic .......... >100 
ВЕСКАСПЕ 1112 - Phenolic .......... >100 
CUMAR W-1 - Рагаситагопе- 

Brie: зон ы 21100 
D.E.N.* 438 — Epoxy novolac ......... >100 
ОПЕК“ 331 Ероху ..................... >100 
О.Е.К. 332 — Ёроху ....................... >100 
D.E.R. 661 – Ероху ....................... >100 
О.Е.К. 664 — Ероху ....................... >100 
D.E.R. 667 — Ероху ....................... >100 
DOW Resin PS-3 ~ Polystyrene ..... >100 
ЕРОМ 812 - Ероху ....................... >100 
ЕРОМ 836 - Ероху ....................... >100 
EPON 1004 - Ероху ...................... >100 
ЕРОМ 1109 - Ероху ...................... >100 
СЕМЕРОХҮ 175 – Ероху ................ >100 
GENEPOXY M-180 — Epoxy ............ 100 
GENEPOXY 190 — Epoxy ................ 100 
СЕМЕРОХҮ 525 - Ероху ................ >100 
GENEPOXY 925 — Epoxy ................ 2100 
СЕМЕРОХУ 1800 - Ероху .............. 7100 
HERCOLYN - Resin esterified with 

glycerine залі 100 
Polymethy! methacrylate ............... >100 
NEVINDENE RS – Ситапп 

ndene sinru anei >100 
Orange Shellac ............................ « 1 
PICCO 420 ES — Indene polymer ... 2100 


PICCOLASTIC A-75 — Polystyrene .. >100 


PICCOLYTE S-85 — Polyterpene ..... >100 
PICCOPALE 100 ~ Hydrocarbon ..... >100 
Polyvinyl Chloride ....................... < 1 
Resin 276-V9 — Polyalkyl styrene .... >100 


"Too viscous for further addition. 


Material or Brand Solubilityt 
Rosin (wood) ............................. 2100 
SARAN** F-120 — Vinylidene 
chloride-acrylonitrile ................. « 1 
SARAN F-220 - Vinylidene 
chloride-acrylonitrile ................. « 1 
VELSICOL AE9 — ETO adducts ....... « 10 
VERSAMIDE 940 - Polyamide ........ 2100 
VINYLITE AYAA - Vinyl acetate ..... 100 


VINYLITE VYHH - Vinyl chloride 


acetate. ое < 50' 
Oils & Resins 
ALINCO 22 — Linseed oil .............. >100 
(апоііп апһудгоиѕ ....................... >100 
ОКО 5-70 - Soybean oil ............... 100 
Waxes 
Веевумах ...................................< 5 
Candelilla wax ............................. « 1 
Carnauba wax ............................. « 1 
Сегевїп Махаон < 1 
Јарап Мах, вы < 1 
Montan wax ................................ < 1 
Рага# т 47-49°С ........................... < 15 
White petrolatum ........................ < 20 
Fatty Acids & Derivatives 
Calcium Stearate ......................... « 1 
Potassium О!еаїе ......................... < 1 
Ѕоаіит Оіеаїе ........................... ‚< 1 
зІівагі  АСІЙ осн нов» « 35 
Miscellaneous 
D.C.R.-5061 — Silicone .................. 2100 
D.C.R.-5581 — Silicone .................. 100 
PARLON S-5 — Chlorinated 

оо ОЕР ки ЛУГ СГ >100 
PARLON S-20 - Chlorinated 

PUD DOR она >100 
PARLON S-300 — Chlorinated 

PUD BEF аи инв > 601 


*Trademark of The Dow Chemical Company 


**Trademark of The Dow Chemical Company overseas 


tSolubilities were determined by the incremental addition of solute to 100 grams of 
methylene chloride at room temperature. Solute was added in the following increments: 1 
gram, 5 grams, 10 grams and so on in 5-gram steps up to a maximum of 100 grams. Thus a 
notation of «5 indicates that more than 1 gram but less than 5 grams of solute can be 
dissolved in 100 grams of methylene chloride. Similarly, a notation of <40 ifAdicates that 
more than 35 but less than 40 grams of solute will dissolve. Where 100 grams of solute 
dissolve, the result is reported as >100. Resin solubilities were obtained on uncured 
material suitable for use in paints, adhesives, and coatings. 


153 


(continued) 


Table 3.61: (continued) 


Thermodynamic Properties of Methylene Chloride in the Ideal Gas State 


Heat Capacity 
Temperature °C cal/(mol ^C) 

25 12.17 

50 12.70 
100 13.71 
150 14.65 
200 15.49 
250 16.26 
300 16.95 
350 17.57 
400 18.13 
450 18.64 
500 19.10 
550 19.52 
600 19.91 
650 20.26 
700 20.58 
750 20.88 


Heat Capacity 
Temperature (à 1 atm 

°C cal/(mol °C) 

27 22.9 

77 24.3 
127 25.4 
177 26.3 
227 27.0 
277 27.6 
327 28.1 
377 28.5 
427 28.9 
477 29.2 
527 29.5 
577 29.7 
627 29.9 
677 30.1 


Heat of formation @ 25°C = 17,700 cal/mol 
Critical temperature = 352.1°C 

Critical pressure = 45.5 atm 

Critical density = 0.492 g/cc 


Enthalpy 

cal/mol 
0 
311 
972 
1,681 
2,435 
3,229 
4,060 
4,923 
5,815 
6,735 
7,679 
8,645 
9,631 
10,635 
11,656 
12,693 


Thermodynamic Properties of Perchloroethylene 


Enthalpy 
25°C = 0 
са то 

46 
1,226 
2,466 
3,756 
5,086 


Entropy 
cal/(mol °C) 
64.61 
65.61 
67.51 
69.29 
70.97 
72.57 
74.08 
75.53 
76.90 
78.22 
79.48 
80.69 
81.86 
82.98 
84.05 
85.09 


Entropy 
cal/(mol °C) 


76.8 


Vapor Pressure of Chlorinated Solvents 





MM Hg 


SIN М 


со" 


/ 


% -20 
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A Inhibited 1,1,1-Trichloroethane 
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B  Perchloroethylene 
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80 100 140 
176 212 284 


C Tnchloroethylene 


180 240 
356 464 


D Methylene Chloride 


(continued) 


PST 


yooqpung sjua4]osg poigsnpu] 


Table 3.61: (continued) 


Boiling Temperatures of Chlorinated Solvents and Oil 


Density of Chlorinated Solvents as a Function of Temperature 


14.5 


Perchloroethylene 


Trichloroethylene 





14.0 
13.5 
13.0 
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Boiling Point 


Boiling Point 


12.5 


= 


123/59] ‘Аизиэа 


inhibited 1,1,1-Trichloroethane 


Methylene Chloride 


Halogenated Hydrocarbons 


11.5 
11.0 
10.5 
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б 5 е а соғ 
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Boiling Point 


Boiling Point 





Temperature, °C 
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Table 3.61: (continued) 


Dew Point of Methylene Chloride 


Temperature, °F 


-100 -80 -60 -40 -20 0 +20 +40 +60 +80 +100 
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& 
с 
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Е 
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Ж 
4) 
Е 
= 
2 
Temperature, °C 
Methylene Chloride Flammability Data 

Flash point (Tag Open Cup ASTM D-1310) .................. None 

Fire point (Tag Open Cup ASTM D-1310) ................... None 

Initial thermal degradation ........................ 230^F (120°C) 

Ашо!атїпоп !етрегаїше ........................ 1033 °F (556°C) 

Flammable range 
% volume in air (25°C) 10 kilowatt spark .................. 14-22 
Зо удіште іп охуреп (259С) ............................. 14-66 


Specific Gravity Data 


Trichloroethylene 


Mineral Oil Volume, % 


Specific Gravity at 25/25°C 


Methylene Chloride 


Mineral Oil Volume, 96 





09 10 11 1.2 13 14 
Specific Gravity at 25/25*C 





Mineral Oil Volume, 96 


Perchioroethylene 


Mineral Oil Volume, 96 





1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 
Specific Gravity at 25/25*C 


Inhibited 1,1,1-Trichloroethane 





1.0 1.1 1.2 1.3 1.4 
Specific Gravity at 25/25*C 
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Thermal Conductivity, W/(m?C) 


W/(m?C) 


Table 3.61: (continued 


Thermal Conductivity vs Temperature of Methylene Chloride 


Temperature, ?F 


-130 -112 -94 -76 -58 -40 -2 -4 





0.160 
0.150 
0.140 
0.130 
0.120 
0.110 


TS 
_| | ~ 
BEEN 
X 
_| ^ч 
яви» 
ENNN 
EREE 


0.100 


-90 -80 -70 -60 -50 -40 -30 -20 -10 


Temperature, °C 


em wm um = М(тО) 
anmam-mms DiU//(hr ft °F) 


Solvency Power 


Kauri butanol value 022222202222... 136 
хо рагатекег (Са со 25 С) 1.1... ‚... 99 
Hydrogen bonding parameter .... 0... 254 
Dipole moment (уез): „уулу rebua edis 1.64 








Thermal Conductivity, Btu/hr (ft?) (*F/ft) 


Relative Evaporation Rates! 


n-Butlacetate 00... 10 
Ethanol ........ вне и 1.6 
Perchloroethylene оо ооо. 1.5 
Methyl alcohol ооо. 1.8 
HODIE! uos он Зоо демони чиа Па 3.5 
ТисМогосћујепе ............... 3.1 
Methyl ethyl ketone а 3.9 
1,1,1-Trichloroethane ....00020... 4.5 
ACCIOHIC о оета: 5.6 
Methylene chloride ............. 7.0 


TEvaporation rates measured with respect tu n-butd acetate, 
Larger numbers reflet evaporation 


Thermal Conductivity vs Temperature of Perchloroethylene 





.072 













.056 


.052 


Тнегта! Сопдисйуну, Вги/нг (#2) (ФЕН) 


o LLL LLL LLL 


oc 0С 80°С 120°C 160°C 240°C 
р 32 1042 176F 248 — 320 wr 464°F 


.036 
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Table 3.61: (continued) 


Blending Solvénts to Eliminate Flash Points 


Flammable Constituent 


Family Data Source 
“Alcohol - Ethanol 
n-Butanol 
Ester Butyl Acetate 
Ethyl Acetate 
Hydrocarbon Heptane 
Octane 
Ketone Methyl Isobutyl Ketone 


Flash Points (°F) —Tag Closed Tester 
Volume % Chlorinated Solvent 


0 10 20 30 40 50 


— 


60 54 48 МЕ 
106 94 МЕ 


84 81 76 МЕ 

25 32 34 39 41 МЕ 
21 23 21 22 МЕ 

59 49 МЕ 

64 64 64 62 МЕ 


Thermal Conductivity vs. Temperature for 


Methylene Chloride 


-12 


о 


0.130 


Thermal Conductivity (W/mG)(Modern units) 


&" 
Vapor Pressure vs. Temperature for 
Methylene Chloride 
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Temperature, С 


Temperature, °F 
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-90 -80 -70 -60 -50 -40 —30 —20 —10 0 +10 +20 +30+40 +50 
Temperature, “С 
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.10332 
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08026 
07797 
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Density vs. Temperature for Methylene Chloride 
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Temperature, F 
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Density, gm/ml 
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Temperature, C 
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Table 3.61: (continued) 
Viscosity Curves for Common Secondary Refrigerants 
Temperature, °F 
-90 -80 -70 -60 -50 -40 -30 -20 —10 0 +10 +20 +30 


Viscosity, Centipoises 
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Temperature, "С 


Glycerol = 64.8% Wt. (Aqueous Solution) 
Ethanol = 56.8% Wt. (Aqueous Solution) 
Calcium Chloride = 29.0% Wt. (Aqueous Solution) 
Methanol = 38.4% Wt. (Aqueous Solution) 
Sodium Chloride = 21.0% Wt. (Aqueous Solution) 
Trichlorofluoromethane = 100% Wt. 

Methylene Chloride = 100% Wt. 
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Table 3.62: Vertrel Cleaning Agents (1 1) 


Vertrel KCD-9547 Cieaning Agent 


Introduction 


Vertrel KCD-9547 is a proprietary azeotrope-like blend of Vertrel XF hydrofluorocarbon with trans-1,2-dichioro- 
ethylene and cyclopentane. It is ideally suited for use in vapor degreasing equipment to remove light oils, 
fingerprints, and particulate contaminants. Vertrel KCD-9547 is specially formulated to provide a high degree of 
compatibility with plastics, elastomers, and other nonferrous metals, such as in aerospace parts. Vertrel KCD- 
9547 is nonflammable, has "zero" ozone depletion potential, and has low global warming potential. It can replace 
CFC-113, 1,1,1-trichloroethane (1,1,1- TCA), hydrochlorofluorocarbons (HCFC), and perfluorocarbons (PFC) in 


many applications. 


Physical Properties 


Vertrel® 
KCD- 
Property* Units 9547 CFC-113 
Boiling Point °C 37.2 47.6 
ор 99.0 117.6 
Liquid Density g/cc 1.29 1.56 
Буда! 10.8 13.1 
Vapor Pressure mmHg 414 334 
psi 8.0 6.5 
Surface Tension dyn/cm 15.3 17.3 
Freezing Point °C <-50 -35 
°F <-58 -31 
Heat of Vaporization cal/g 47 35 
at boiling point Btu/Ib 85 63 
Heat Capacity cal/g °C 0.21 0.21 
at 20°C (68°F) Btu/Ib °F 0.21 0.21 
Viscosity cps 0.65 0.68 


*At 25°C (77°F) except where indicated. 


Preliminary Plastic Compatibility Immersion: 
15 min at boiling point (37°C [99°F]) 





Compatible 
Acetal Polyimides 
Epoxy Polypropylene 
HD Polyethylene Polysulfone 
Nylon PVA 
Phenolic PVC 


Polyester, PET and PBT Teflon® TFE, FEP, PFA 
Polyethylene 





Exposure Limits 








Component Limit, ppm Type 

Vertrel® XF AEL 200 8- and 12-hr TWA 
400 Ceiling* 

trans-1,2- 

dichloroethylene TLV 200 8-hr TWA 

Cyclopentane TLV 600 8-hr TWA 


AEL—DuPont's acceptable exposure limit. 

TLV —Threshotd limit value established by the American 
Conference of Government & industria! Hygienists 
{ACGIH}. 

TWA—Time weighted average. 

*A ceiling limit is the concentration that should not be 

exceeded during any part of the working day. 


Density and Vapor Pressure Change 
with Temperature 


Vapor 

Temperature, Density, Pressure, 

°С {°F} g/cc (ib/gal) mmHg  (р5і) 
0 (32) 1.34 (11.2) 129 (2.5) 
10 (50) 1.32 (11.1) 228 (4.4) 
20 (68) 1.30 (10.9) 336 (6.5) 
25 (77) 1.29 (10.8) 414 (8.1) 
30 (86) 1.27 (10.6) 517 (10.0) 
40 (104) 1.25 (10.5) 776 (15.0) 
50 (122) 1.23 (10.3) 1034 (20.0) 
60 (140) 1.21 (10.1) 1396 (27.0) 


Soils Cleaned with Vertrel® KCD-9547 


Fingerprints Other Synthetic Oils 
Hydraulic Oils Particulates 
Light Mineral Oils Vegetable Oils 


Preliminary Elastomer Compatibility immersion: 
15 min at boiling point (37°C [99°F]) 


Compatible 
Buna-S* Fluoroelastomers 
Buna-N Natural Rubber* 
Butyl Rubber* Neoprene 


Chlorosulfonated PE — Polysulfide (e.g., Thiokol's FA) 
EPDM (e.g., Nordel®) Urethane 


*Swelling, but with low extractables 


Vertrel® KCD-9547 Specifications 


Vertrel® XF, % 65.0 + 1.0 
trans-1,2-dichloroethylene, % 20.0 + 1.0 
Cyclopentane, % 15.0 + 2.0 
Appearance Clear, colorless 
Nonvolatile Residue, ppm 10.0 max. 
Moisture, ppm <200 


(continued) 
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Table 3.62: (continued) 


Vertrel KCD-9548 and KCD-9550 Wipe Solvents 
Introduction 


Vertrel KCD-9548 and Vertrel KCD-9550 are two proprietary blends formulated as wipe solvents. Vertrel KCD- 
9548 is an azeotrope-like blend of Vertrel XF hydrofluorocarbon with cyclohexane and acetone, whereas Vertrel 
KCD-9550 is an azeotrope-like blend of Vertrel XF hydrofluorocarbon and acetone. Both solvents are ideally 
suited for use as a gross wipe solvent; however, Vertrel KCD-9548 has a slight VOC compared with zero VOC 
for Vertrel KCD-9550. 


Physical Properties Vertrel® KCD-9548 Specifications 


Vertrel® XF, % 85.0 + 1.0 








Vertrel® | Мегігеі? 
ы , аза АА Acetone, % 10.0 + 1.0 
юру“ 9” 29%. Cyclohexane, % 5.0 + 1.0 
Boiling Point 5 52.0 60.6 Appearance Clear, Colorless 
Як 125.6 141.1 Nonvolatile Residue, ppm 10.0 max. 
Liquid Density g/cc 1.37 1.37 Moisture, ppm <200 
уда! 11,5 11.5 таа 
9 Exposure Limits 
Vapor Pressure mmHg 186 191 — 
psi 3.6 3.7 Component Limit, ppm Type 
Surface Tension dyn/cm 15.6 15.6 Vertrel® XF AEL 200 8- and 12-hr TWA 
. i и 400 Ceiling* 
Freezing Point ее 5. = Acetone TLV 750 8-hr TWA 
| | Сусјоћехапе TLV 300 8-hr TWA 
Heat of Vaporization cal/g 43 46 | | 
at boiling point Віль 77 83 TLV —Threshold limit value established by the American 
Conference of Government & Industrial Hygienists 
Heat Capacity cal/g °C 0.30 0.30 (ACGIH). 
at 20°C (68°F) Btu/Ib °F 0.30 0.30 TWA—Time weighted average. 


0.62 *A ceiling limit is the concentration that should not be 


Viscosity ре 0.64 exceeded during any part of the working day. 
*At 25°C (77°F) except where indicated. 


Vertrel® KCD-9548 Vertrel® KCD-9550 


Density and Vapor Pressure Change 
with Temperature 


Density and Vapor Pressure Change 
with Temperature 


Vapor Vapor 

Temperature, Density, Pressure, Temperature, Density, Pressure, 
°С (°F) g/cc  (lb/gal!l mmHg (psi) C ма g/cc (ib/gal) mmHg (pst) 

0 (32) 1.42 (11.9) 52 (1.1) 0 (32) 1.42 (11.9) 52 (1.1) 
10 (50) 1.40 (11.8) 98 (1.9) 10 (50) 1.40 (11.8) 98 (1.8) 
20 (68) 1.38 (11.6) 155 (2.9) 20 (68) 1.38 (11.6) 155 (2.8) 
25 (77) 1.37 (11.5) 186 (3.6) 25 (77) 1.37 (11.5) 186 (3.7) 
30 (86) 1.36 (11.4) 248 (4.8) 30 (86) 1.36 (11.4) 248 (4.5) 
40 (104) 1.34 (11.3) 362 (6.9) 40 (104) 1.34 (11.3) 362 (6.9) 
50 (122) 1.32 (11.1) 569 (11.0) 50 (122) 1.32 (11.1) 569 (10.0) 
60 (140) 1.30 (10.9) 776 (15.0) 60 (140) 1.30 (10.9) 776 (15.0) 





Preliminary Elastomer Compatibility 
Immersion: 5 Minutes 
at Room Temperature 25°C {77°F} 


Preliminary Plastic Compatibility 
Immersion: 5 Minutes 
at Room Temperature 25°C (77°F) 








Compatible Compatible 

Polysulfide (Thiokol's FA) EPDM (Могаві?) Acrylic HD Polyethylene 
Silicone Butyl Rubber Polyethylene Epoxy 
Chlorosulfonated PE Natural Rubber Polypropylene Phenolic 

Urethane Neoprene Polycarbonate Teflon? TFE, FEP, PFA 
Buna-S Adiprene Polystyrene Polyester, PET, PBT 
Buna-N Viton* A and Viton? B PVA, PVC Acetal 

Vertrel* KCD-9550 Specifications = гонет 
ylon 

Vertrel® XF, % 85.0 + 1.0 
Acetone, % 15.0 + 1.0 

Appearance Clear, Colorless 

Nonvolatile Residue, ppm 10.0 max. 

Moisture, ppm «200 (continued) 
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Table 3.62: (continued) 


Vertrel MCA Cleaning Agent 


Introduction 


Vertrel MCA is a proprietary azeotrope of Vertrel XF hydrofluorocarbon with trans-1,2-dichloroethylene. It is 
ideally suited for use in vapor degreasing equipment. Its enhanced solvency power, compared to Vertrel XF alone, 
makes it particularly effective for precision and specialty cleaning applications in difficult soil situations. Vertrel 
МСА is nonflammable, has "zero" ozone depletion, and has low global warming potential. It can replace CFC- 113, 
1,1,1-trichloroethane (1,1,1-TCA), hydrochlorofluorocarbons (HCFCs), and perfluorocarbons (PFCs) in many 


applications. 
Physical Properties 
Vertrel* 
Property* Unit MCA CFC-113 
Boiling Point °С (°Е) 39 (102) 47.6 (117.6) 
Liquid Density g/cc 1.41 1.56 
Ib/gal 11.8 13.1 
Vapor Pressure mmHg 464 334 
psia 9.0 6.5 
Surface Tension dyn/cm 15.2 17.3 
Freezing Point °C (°F) «-50 («-58) -35 (-31) 
Solubility of Water wt% 0.065 0.011 
Heat of Vaporization  cal/g 43.3 35.1 
at Boiling Point Btu/Ib 77.9 63.1 
Heat Capacity 
at 20°C (68°F) cal/g-°C 0.27 0.21 
Btu/Ib-°F 0.27 0.21 


Viscosity cPs 0.49 0.68 
*At 25°C (77°F), except where indicated 


Preliminary Plastic Compatibility immersion: 
1 Week at 55°C (131°F) 
Compatible 


Polyethylene HD Polyethylene 


Polypropylene Epoxy 

Nylon Phenolic 

Polyester, PET, and PBT Teflon® TFE, FEP, PFA 
Acetal Polyimides 


Require Additional Testing 


ABS Polycarbonate 
Acrylic Polystyrene 
Polyviny! Chloride Polyphenylene Oxide 
Polysulfone 


Exposure Limits 


Component Limit, ppm Type 

Vertrel® XF АЕ: 200 8-and12-hr TWA 
400 Ceiling? 

trans-1,2- 

dichloroethylene ТЕМ 200 8-hr TWA 


* AEL is the DuPont Acceptable Exposure Limit. Where 
governmentally imposed occupational exposure limits that 
are lower than the AEL are in effect, such limits shall take 
precedence. 

t A ceiling limit is the concentration that should not be 
exceeded during any part of the working day. 

* TLV is the Threshold Limit Value established by the 
American Conference of Government industrial Hygienists 
(АСЕН). 


Density and Vapor Pressure Change 


with Temperature 
Temperature, Density, Vapor Pressure, 

°C (°F) g/cc (Ib/g) mmHg (psia) 

0 (32) 1.47 (12.3) 162 (3.1) 
10 (50) 1.44 (12.0) 258 (5.0) 
20 (68) 1.42 (11.8) 375 (7.3) 
25 (77) 1.41 (11.8) 446 (9.0) 
30 (86) 1.39 (11.6) 552 (10.7) 
40 (104) 1.37 (11.4) 795 (15.4) 
50 (122) 1.35 (11.3) 1111 (21.5) 
60 (140) 1.33 (11.1) 1509 (29.2) 


Soils Cleaned with Vertrel* MCA 





Mineral Oils Cutting Oils 
Vacuum Oils Stamping Oils 
Waxes Hydraulic Oils 
Heavy Greases Gear Oils 


Preliminary Elastomer Compatibility Immersion: 
1 Week at 55°C (131°F) 


Compatible 


Polysulfide (Thiokol FA) EPDM (Могае!“) 
Chiorosulfonated PE Buty! Rubber* 
Buna-S* Natural Rubber* 


Require Additional Testing 


Buna-N Polychloroprene 
Urethane Silicone 
Fluoroelastomers 


*Swelling, but with low extractables 


Vertrel® MCA Specifications 


Vertrel® XF 62.0% + 1.0* 
trans-1,2-dichloroethylene 38.0% + 1.0* 
Appearance Clear, Colorless 
Nonvolatile Residue 10.0 ppm max. 
Moisture « 200 ppm - 


*Wt96 
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Vertrel MCA Plus Cleaning Agent 


Introduction 


Vertrel MCA Plus is a proprietary azeotrope of Vertrel XF hydrofluorocarbon with trans-1,2-dichloroethylene and 
cyclopentane. It is ideally suited for use in vapor degreasing equipment for precision cleaning and specialty 
applications. Its enhanced solvency power makes it particularly effective in difficult soil situations. Vertrel MCA 
Plus is nonflammable, has "zero" ozone depletion, and has low global warming potential. It can replace CFC- 113, 
1,1,1-trichloroethane (1,1,1- TCA), hydrochlorofluorocarbons (HCFC), and perfluorocarbons (PFC) in many 





applications. 
Physical Properties 
Vertrel* 
MCA HCFC- 1,1,1 Freon® 
Property* Unit Plus 141b TCA TF 
Boiling Point °C 37 32 74 48 
ор 99 90 165 118 
Liquid Density g/cc 1.28 1.24 1.31 1.56 
ib/gal 10.7 10.3 11.0 13.1 
Vapor Pressure mmHg 440 594 140 226 
psi 8.5 11.5 2.7 4.4 
Surface Tension dyne/cm 15.9 19.3 25.9 17.3 
Freezing Point °C <-50 -103 «-50 -35 
ор <-58 -154 <-58 -31 
Heat of 
Vaporization cal/g 55 53 57 35 
at boiling point Btu/tb 98 94 102 63 
Heat Capacity cal/g °C 0.22 0.25 0.26 0.22 
at 20°C (68°F) Btu/Ib °F 0.22 0.25 0.26 0.22 
Viscosity cP 0.61 0.43 0.45 0.67 
Flash Point , None None None None 


*At 25°C (77°F) except where indicated. 


Piastic Compatibility Immersion: 
15 min at 37°C (99°F) 





Compatibie 

Acetal Polyimides 
Epoxy Polypropylene 
HD Polyethylene Polysulfone 
Nylon (e.g., GE's Ultem) 
Phenolic PVA 
Polyester, PET and PBT PVC 
Polyethylene Teflon® TFE, FEP, PFA 

Exposure Limits 
Component Limit, ppm Type 
Vertrel® XF AEL 200 8- and 12-hr TWA 

400 Ceiling* 

trans-1,2- 
dichloroethylene TLV 200 8-hr TWA 
Cyclopentane TLV 600 8-hr TWA 
Vertrel® MCA Plus AEL 221 Calculated ** 


400 Ceiling* 


AEL—DuPont's acceptable exposure limit. 

TL V —Threshold limit value established by the American 
Conference of Government & Industrial Hygienists 
(ACGIH). 

TWA—Time weighted average. 

*A ceiling limit is the concentration that should not be 
exceeded during any part of the working day. 

**Calculated in accordance with ACGIH Formula for TLVs 

for mixtures. 


Density and Vapor Pressure Change 
with Temperature 


Vapor 
Temperature, Density, Pressure, 
oC (°F) g/cc (Ib/gal) mmHg (ра!) 
0 (32) 1.33 (11.1) 124 (2.4) 
10 (50) 1.31 (10.9) 222 (4.3) 
20 (68) 1.29 (10.8) 321 (6.2) 
25 (77) 1.28 (10.7) 440 (8.5) 
30 (86) 1.26 (10.5) 517 (10.1) 
40 (104) 1.24 (10.3) 776 (14.9) 
50 (122) 1.21 (10.8) 1034 (19.9) 
60 (140) 1.18 (9.83) 1396 (27.1) 
Soils Cleaned with Vertrel® MCA Plus 
Cutting Oils Stamping Oils 
Drawing Oils Synthetic Oils 
Gear Oils (POE, POG, etc.) 
Heavy Greases Vacuum Oils 
Hydraulic Oils Waxes 
Mineral Oils 


Elastomer Compatibility immersion: 
15 min at 37°C (99°F) 


Compatible 


Buna-S* 

Buty! Rubber* 
Chtorosulfonated PE 
EPDM (e.g., Nordel®) 
Natural Rubber* 


Neoprene 

Polysulfide (e.g., Thiokol's FA) 
Polyurethane 

Viton® A 

Viton® B 


*Swelling, but with low extractables 


Vertrel* MCA Plus Specifications 


Уепігеї? ХЕ, 96 46.0 + 1.0 
trans-1,2-dichloroethylene, % 40.0 + 1.0 
Cyclopentane, % 14.0+ 2.0 
Appearance Clear, colorless 
Nonvolatiie Residue, ppm 10.0 max. 
Moisture, ppm <200 


(continued) 
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Table 3.62: (continued) 
Vertrel SMT Cleaning Agent 


Introduction 


Vertrel SMT is a proprietary azeotrope-like blend of Vertrel XF hydrofluorocarbon with trans-1,2-dichloroethylene 
and methanol. It is ideally suited for use in vapor degreasing equipment with solvency power for cleaning ionic 
soils and flux residues from electronic assemblies. It can also be used for precision and general industrial cleaning 
where this enhanced solvency is required. Vertrel SMT is nonflammable, has zero ozone depletion potential, and 
has low global warming potential. It can replace CFC-113, 1,1,1-trichloroethane  (1,1,1- TCA), 
hydrochlorofluorocarbon (HCFC), and perfluorocarbon (PFC) fluids in many applications. 


Physical Properties 
Density and Vapor Pressure 





Vertrel* Freon® - 
Property* SMT TMS Change with Temperature 
Boiling Point, °C (°F) 37 (99) 39.7 (103.5) Vapor 
Liquid Density, g/cc (Ib/gal) 1.35 (11.3 1.48 (12.3) Temperature, Density, Pressure, 
iq у» біс (Ib/gat) Ица) °C (°F) g/cc (Ib/g) mmHg (psia) 

Vapor Pressure, mmHg (psia) 486 (9.4) 429 (8.3) — 

. 0 (32) 1.41 (11.7) 169 (3.3) 
Freezing Point, °C (°F) <-50 (<-58) -55 (-66) 20 (68) 1.36 (11.4) 397 (7.7) 
Solubility of Water, wt% 0.34 0.27 к т. п | 2 En 
Heat of Vaporization at 49.5 (89.1) 50.4 (90.7) 40 (104) 1.31 (1 1.0) 839 (16.2) 
Heat Capacity at 20°C (68°F), 0.27 (0.27) 0.24 (0.24) 60 (140) 1.27 (10.6) 1,627 (31.5) 
cal/g-°C (Btu/lb-°F) 
Viscosity, cPs 0.49 0.70 
"At 25°C (77°F}, except where indicated. 

Preliminary Elastomer Compatibility Preliminary Plastic Compatibility 
Immersion: One Week at 55°C (131°F) Immersion: One Week at 55°C (131°F) 
Compatible Compatible 
Polysulfide (Thiokol FA) EPDM (Nordel®) Polyethylene HD Polyethylene 
Chlorosulfonated PE Butyl Rubber* Polypropylene Epoxy 
Buna-S* Natural Rubber* Nylon Phenolic 
---------------------------..------. Polyester, PET, and PBT Teflon® TFE, FEP, PFA 
Асета! Polyimides 


Require Additional Testing 
Require Additional Testing 





Buna-N Polychloroprene 
Urethane Silicone 
Fluoroelastomers ABS Polycarbonate 
> - : Acrylic Polystyrene 

Swelling. but with tow extractabies Polyviny! Chloride Polyphenylene Oxide 

Polysulfone 
Exposure Limits 
Component Limit, ppm Type 
Vertrel® XF АЕ“ 200 8-and 12-hr TWA Vertrei* SMT Specifications 
400 Се па“ Мепге" ХЕ 50.5% + 1.08 

trans-1,2- ту” 200 8-hr TWA trans-1,2-dichloroethylene 43.0% + 1.0 
dichl ни Methanol 6.0% + 0.3 

іспіоговіпуювпе Stabilizer 0.5% + 0.1 
Methanol TLV* 200 8-hr TWA Appearance Clear, Colorless 

д Nonvolatile Residue 10.0 ppm max. 
STEL* 250 Moisture <200 ppm 

Stabilizer ТІМ?» 20 8-hr TWA уу 


*AEL is the DuPont Acceptable Exposure Limit. Where 
governmentally imposed occupational exposure limits that 
are lower than the AEL are in effect, such limits shall take 
precedence. 

* TLV is the Threshold Limit Value established by the 
American Conference of Government Industrial Hygienists 
(ACGIH). 

* STEL is short-term exposure limit. A STEL is the concentra- 
tion to which workers can be exposed continuously for a 
short period of time, usually 15 min, without suffering from 
acute effects, e.g., irritation. 

7A ceiling limit is the concentration that should not be 


exceeded during any part of the working day. (continued) 
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Table 3.62: (continued) 


Vertrel XMS Cieaning Agent 


Introduction 


Vertrel XMS is a proprietary azeotrope-like blend of Vertrel XF hydrofluorocarbon with trans—1,2-dichloroethyiene, 
cyclopentane, and methanol. It is ideally suited for use in vapor degreasing equipment with solvency power for 
cleaning ionic soils and flux residues from electronic assemblies. 


Physical Properties Density and Vapor Pressure Change 


with Temperature 


HCFC- 
141b Vapor 
Property Vertrel® Freon? with Temperature, Density, Pressure, 
{at 25°C) Unit XMS тм5 меон ес (°F) g/cc (Ib/gal) mmHg (psi) 
Boiling Point °C 36 40 29 0 (32) 127 (10.6) 155 (3.1) 
ор 96 104 85 10 (50) 1.25 (10.4) 259 (4.9) 
Liquid Densi 1.22 1.48 1.22 20 (68) 1.23 (10.3) 414 (8.1) 
и а 102 123 10.1 25 (77) 1.22 (10.2) 465 (9.2) 
30 (86) 1.21 (10.1) 620 (12.1) 
Vapor Pressure mmHg 465 429 527 40 (104) 1.19 (9.9) 931 (17.9! 
psi 9.0 83 102 50 (122) 1.17 (9.8) | 1241 (23.7) 
Surface Tension дупејст 15.9 17.4 18.5 60 (140) 1.15 (9.6) 1706 (33.1) 
Freezing Point С <-50 -55 <-103 
°F <-58 -67 <-154 
Неатої | | 
Vaporization cal/g 61 50 62 Plastic Compatibility Immersion: 


15 min at boiling point of 
Vertrel® XMS (35.5?C [96?F]) 


Btu/lb 110 91 111 
cal/g °C 0.24 0.24 0.26 


at boiling point 
Heat Capacity 


at 20°C (68°F) Btu/lb°F 024 024 0.26 затри 
Viscosity cP 0.65 0.7 0.45 Acetal Polyimides 
| Ероху Polypropylene 
Flash Point None None None HD polyethylene Polysulfone 
*At 25°C (77°F) except where indicated. Nylon (e.g., GE's (Шет) 
s Phenolic PVA 
Exposure Limits Polyester, PET and PBT PVC 
Component Limit, ppm Type Polyethylene Teflon® TFE, FEP, PFA 
Vertrel® XF AEL 200 8- and 12-hr TWA 
400 Ceiling® 
trans-1,2- x 
dichloroethylene TLV 200 8-hr TWA Elastomer Compatibility Immersion: 
Сусіорепіапе TLV 600 8-hr TWA 15 min at boiling point 
Methanol TLV200 8-hr TWA of Vertrel® XMS (35.5°C [96°F]) 
Vertrel® XMS AEL 210 Calculated** Compatible 
па 
oe ceiling Buna-S* Neoprene 


Butyl Rubber* 
Chlorosulfonated PE 
EPDM (e.g., Nordel®) 
Natural Rubber* 


Polysulfide (e.g., Thiokol's FA) 
Polyurethane 

Viton* A 

Viton* B 


AEL—DuPont’s acceptable exposure limit. 

TLV —Threshold limit value established by the American 
Conference of Government & industrial Hygienists 
(ACGIH). 

TWA—Time weighted average. 

*A ceiling limit is the concentration that should not be 
exceeded during any part of the working day. 

**Caiculated in accordance with ACGIH Formula for TLVs 

for mixtures. 


*Swelling, but with low extractables 


Vertrel® XMS Specifications 


Vertrel® XF, % 54.5+ 1.0 

trans-1,2-dichloroethylene, % 25.0 + 1.0 

Cyclopentane, % 14.0 + 2.0 

Methanol, % 6.0 + 0.3 

Inerting Agent, % 0.5+0.1 

Appearance Clear, colorless 

Nonvolatile Residue, ppm 10.0 max. 

Moisture, ppm <200 (continued) 
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Table 3.62: (continued) 
Vertrei XF Specialty Fluid 
Introduction 


Vertrel XF is a proprietary hydrofluorocarbon fluid with "zero" ozone depletion and a low global warming potential 
ideally suited for use in vapor degreasing equipment for cleaning, rinsing, and drying. It can replace current 
hydrochlorofluorocarbon (HCFC) and perfluorocarbon (PFC) fluids in most applications. Unique physical properties 
include a higher boiling point and lower surface tension compared to CFC-113. This combined with non- 
flammability, chemical and thermal stability, low toxicity, and ease of recovery by distillation make Vertrel XF ideal 
for a broad range of applications. Solvency is more selective than CFC-113, but can be enhanced by use of 
appropriate azeotropes and blends with alcohols. 


Physical Properties Density »nd Vapór Pressure Change 
Vertrei* with Temperature 
Property* XF CFC-113 Vapor 
i 252 187 Temperature, Density, Pressure, 
Змија 22. 55 d _ 47.6 (117.6) шаш КА Пау ПИВО рер. 
eee oe. E -20 (-4) 1.70 (14.2) 16 (0.3) 
Surface Tension, dyn/cm 14.1 17.3 -10 (14) 1.68 (14.0) 36 (0.7) 
Liquid Density, g/cc (!b/gal) 1.58(13.2) 1.56 (13.1) 0 (32) 1.66 (13.8) 62 (1.2) 
Freezing Point, °C (°F) -80 (-112) -35 (-31) 10 (50) 1.62 (13.5) 109 (2.1) 
Solubility in Water, ppm 140 170 20 (68) 1.60 (13.3) 176 (3.4) 
of Water, ppm 490 110 30 (86) 1.57 (13.1) 284 (5.5) 
Critical Temperature, 40 (104) 1.55 (12.9) 434 (8.4) 
°C (°F) 181 (357) 214 (417) 50 (122) 1.51 (12.6) 641 (12.4) 
Critical Pressure, 60 (140) 1.49 (12.4) 921 (17.8) 
psia (atm) 331.9 (22.6) 495 (33.7) 70 (158) 1.46 (12.2) 1288 (24.9) 
Critical Volume, cc/mol 433 325 80 (176) 1.43 (11.9) 1753 (33.9) 
At 25°C (77° 4 90 (194) 1.40 (11.7) 2343 (45.3) 
At 25°C (77°F), except where indicated. 100 (212) 1.38 (11.5) 3072 (59.4) 
110 (230) 1.34 (11.2) 3961 (76.6) 
120 (248) 1.32 (11.0) 5032 (97.3) 
Environmental Properties 130 (266) 1.30 (10.8) 6309 (122.0) 
Class: HFC CFC 
Мегігеі? 
CODO ааа Vertrel® XF Azeotropes 
Formula. Сн, C,CI,F, alias 
Flash Point None None Vertrel® XF With Point, °C (°F) 
Flammable Range in Air None None XM Methanol 46 (115) 
Atmospheric Lifetime, yr 20.8 100 XE Ethanol! 52 (126) 
Ozone Depletion MCA trans-1,2-dichloroethylene 39 (102) 
Potential (ODP) 0.0 0.8 SMT trans-1,2-dichloroethylene 37 (99) 
Global Warming and Methanol 
Potential (HGWP) 0.25 1.35 
Heat Transfer Properties Vertrel® XF Solvating Agents 
Vertrel® Dibasic Esters (DBE) 
Property | ХЕ | Diisobutyl DBE 
Heat of Vaporization (at boiling point), Methvl Dec t 
cal/g (Btu/lb) 31.0 (55.7) етлу ange е 
Specific Heat at 20°C (68°F) isopropyl! Myristate 
pecific Heat at 20° °F), : 
cal/g-*C (Btu/tb-°F) 0.27 (0.27) N-Methy!-2-Pyrrolidone (ММР) 
Vapor Pressure, mmHg (psia) 226 (4.4) Tetrahydrofurfuryl Alcohol (THFA) 


Aliphatic Hydrocarbons 


Viscosity, cPs 0.67 | 
€ а iin Aliphatic Alcohols 


*At 25°C (77°F), except where indicated. 


(continued) 


Table 3.62: (continued) 


Plastic Compatibility Immersion: 


Two Weeks at 50°C (122°F) 
Common 
Brand Weight 
Piastic Name Rating Gain, % 
HDPE “Alathon” 0 0.3 
PP "Tenite" 0 0.5 
PS “Styron” 0 0.3 
PVC 0 0.1 
CPVC 0 0.1 
PTFE Teflon® 14 3.5 
ЕТЕЕ Tefzel® 1 1.4 
PVDF “Kynar” 0 0.4 
lonomer Surlyn® 0 0.5 
Acrylic Lucite® 2 — 
ABS “Kralastic” 0 0.0 
Phenolic 0 0.0 
Cellulosic "Ethocel" 1* 4.7 
Epoxy 0 0.0 
Acetal Detrin? 0 0.2 
PPO "Могу!" 0 0.2 
РЕК “Uitrapek” 0 -0.1 
РЕЕК “Victrex” 0 -0.1 
РЕТ Rynite® 0 0.2 
PBT “Valox” 0 0.0 
Polyarylate Агугопе 0 0.0 
(СР 0 0.1 
Polyimide 
A Vespel® 0 0.0 
PB “Ultem” 0 0.1 
PAI “Torlon” 0 0.0 
PPS “Rython” 1 2.7 
Polysulfone "Udel" 0 -0.1 
Polyaryl Sulfone “Rydel” 0 -0.1 
Rating Physical Change 
0—Compatible "More Flexible 
1—Borderline bSample Dissolved 
2—incompatible *Some Extraction 
Vertrel® XF Specifications 
Fluoropentanes 99.9% min. 
Appearance Clear, Colorless 
Nonvolatile Residue (NVR) 2.0 ppm max. 
Moisture <50 ppm 
Acidity, mg KOH/g 0.01 max. 


Halogenated Hydrocarbons 


Elastomer Compatibility Immersion, Sealed 
Tubes: Two Weeks at 50°C (122°F) 


Elastomer 
Natural Rubber 
Butyl Rubber 
Nordel® RPDM 
Neoprene CR 
SBR 


Nitrile Rubber 
NBR 
NHBR 


Vamac® EA 
Hypaion® CSM 


Fiuoroelastomer 
Viton? A 
Viton? B 
Zalak® 
Kalrez® 
Fluorinated 

Silicone 


Silicone 
Epichlorohydrin 


Homopolymer 
Copolymer 


“Adiprene” U 
FA Polysulfide 


Thermoplastic 
Alcryn® 
"Santoprene" 
" Geoplast" 


Rating S 
0 


0 
0 
0 
0 


2* 
0 
1* 


Hytrel® Polyester 0 


167 
Units 
Linear Hardness 
well, % Change 
-0.6 -1 
1.0 -1 
-1.0 -2 
0.2 1 
0.7 0 
-0.6 2 
3.9 -8 
13.9 -12 
1.3 0 
17.3 -14 
22.8 -34 
13.7 -13 
21.6 -20 
14.1 -11 
0.5 -4 
-0.5 1 
0.0 2 
2.7 -2 
1.5 0 
-1.2 13 
0.1 0 
-0.5 -3 
0.3 0 


Rating: 0—Compatible; 1—Borderline; 2—Incompatible 
*Noticeable extraction affecting rating 


Component 
Vertrel® XF 


precedence. 


Exposure Limits 


Limit, ppm 
АЕ 20 


Type 
0 8-and 12-hr TWA 


400 Ceiling? 


* AEL is the DuPont Acceptable Exposure Limit. Where 
governmentally imposed occupational exposure limits that 
are lower than the AEL are in effect, such limits shall take 


^ A ceiling limit is the concentration that should not be 
exceeded during any part of the working day. 


(continued) 
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Table 3.62: (continued) 


Vertrel XSi Cleaning Agent 
introduction 


Vertrel XSi is a proprietary blend of Vertrel XF hydrofluorocarbon and hexamethyldisiloxane. It is ideally suited 
for use in medical applications as a solvent for cleaning or depositing of silicone oil-based lubricants. It is also 
used as a swelling media for silicone rubber tubing. 


Physical Properties Solubility of Typical Silicone Fluids 




















(at 25°C) Unit XSi TF — 141b (до Oil Loading in Solvent) 
Vertrel* Freon® 
Boiling Point "С 57 48 32 ; 
oF 134 118 90 Ой XSI TF Hexane 
Liquid Density g/cc 1.17 156 1.24 DC-200* 14 19 25 
ib/gal 9.8 13.1 10.3 DC-360* 21 24 46 
Vapor Pressure mmHg 135 226 594 DC-550* 33 39 58 
2. 4.4 11. 
: is В У DC-1107* 45 51 65 
Surface Tension dyne/cm 14.0 17.3 19.3 
| | NuSil Med 4159 28 29 31 
Freezing Point °C <-50 -35 - 103 --------------::::.------.-----.- 
ор <-80 -31 -154 *As manufactured by Dow Corning. 
Heat of 
Vaporization cal/g 38 35 53 t DC- 
at boiling point Вир 69 63 94 кеш еше чы 
Неа! Сараску cal/g °C N/A 0.22 0.25 Hexamethyldisiloxane 
at 20°C (68°F) Btu/ib *F N/A 0.22 0.25 
Viscosity cP 0.60 067 0.43 40 ТА 
. 35°С (85° 
Flash Point None None None st 30 | | — СА 
9 
*At 25°C (77°F) except where indicated. 52 20 
=< 10 
Swelling of Polysilicone Tubing 58 з 
Мече" | Егеоп? 40% 42% 44% 46% 
Test XSi TF  Hexane Hexamethyldisiloxane, wt% 
At Room Temperature 
% Change in Width 15 16 23 Elastomer Compatibility 
% Change in Weight 60 133 83 Immersion: 15 min in Vertrel® XSi at 
At Boiling Point* Boiling Point 56.6°C (133.9°F} 
% Change in Width 20 20 24 Compatible 
s | | 
коеш ыд. аи 25; Polysulfide (e.9., Thiokol's FA) ^ EPDM (Nordel*) 
* 47*C (117*F) for Freon? TF; 54°C (129°F) for Vertrel® Chlorosulfonated PE Butyl Rubber* 
KCD-XSi; 68°C (154°F) for Hexane Buna-S* Natural Rubber* 
Plastic Compatibility Polyurethane Neoprene 
Immersion: 15 min in Vertrel* XSi at Viton® A Viton® B 
Boiling Point 56.6°C (133.9°F) 
- *Swelling, but with low extractable 
Compatible 
Polyethylene HD polyethylene Exposure Limits 
Polypropylene Epoxy m 
Nylon Phenolic Component Limit, ppm Type 
Polyester, PET and PBT Teflon? TFE, FEP, PFA Vertrel® XF AEL 200 8- and 12-hr TWA 
Acetal Polyimides 400 Ceiling* 
PVC Polysulfone Hexamethyl- 
(e.g., GE's Ultem) disiloxane IHG 200 8-hr TWA 
Polycarbonate Polyurethane Vertrel® XSi AEL 200 Calculated** 
| 400 Ceiling* 


Vertrel® XSi Specifications 
AEL-—DuPont's acceptable exposure limit. 


® о 
wetter АР че. 57.0 # 1.0 IHG industrial Hygiene Guidelines. 
Hexamethyldisiloxane, % 43.0+ 1.0 TWA—Time weighted average. 
Appearance Clear, Colorless *A ceiling limit is the concentration that should not be 
Nonvolatile Residue, ppm 10.0 max. exceeded during any part of the working day. 


А **Calculated in accordance with ACGIH Formula for TLVs 
Moisture, ppm «200 for mixtures. 





Table 3.63: Occidental Chemical (OXSOL Solvents) (27) 


Pure OXSOL Products (27) 





Oxs01 PRODUCT кочан јание никак 








OXSOL 1 | * To clean metal, plastics, * To carry active ingredients * To reduce or eliminate VOCs”. 
10096 Parachlorobenzotrifluoride (PCBTF) electronics, and glass. in aerosols. + ега а пе dliminate HAPs” 
п о * For selective solvency. 
“ To dissolve resins in paints, * Asa reaction medium т ла 
СЕ» coatings, inks, ad кеге. in the chemical, agricultural, Раши monerale тарат е 
and other resin applications, and pharmaceutical * For its high stability. 
industries. * It ts recyclable. 
* To dilute Ки еу | * For high purity, low residue. 
еи Шаба У аб; шуш р, for * For classical solvent performance. 
"PF | metas ana pases It is not miscible with water. 
Cl 
OXSOL 10 e As an aggressive solvent in e To carry inks and dyes * For its low cost. 
100% Monochlorotoluene (MCT) formulations designed to in printing and textile «To redüceor elsninale HAPs: 
remove paint and polymeric roduction. Н 3 
coatings. P For its aggressive solvency. 
CH, | * [n heavy duty industrial * When a slow evaporation rate 
* Asacleanup solvent in and consumer cleaning is needed. ; 
the painting, coating, and products. e No stabilizers are required. 
СІ printing industries. ¢ It is recyclable. 
e As an inert carrier f * It is approved as FIFRA*™" inert. 
* As an additive to dissolve FIRAS мА: z a e 
sludge in heavy fuels, asphalt, à карыш 
and coke applications. PP 
OXSOL 1000 * In precision cleaning * Asa stable reaction medium. * Forits high flashpoint (1707. 
100% 3,4-Dichlorobenzotrifluoride (3,4-DCBTF) a plications, when a high * For its slow evaporation rate. 
ashpoint is required. . за олш тейит Ри ivity 
СЕ» * Asa stable solvent where SONT ВЫ x selective eens 
contact with oxidizing кыр e Ít is exceptionally stable. 
. i gricultural and : : | 
media may occur. pharmaceutical applications, TE ER uet. low 
* Asa stable high flash heat as an extraction medium. 5; Toxcedoce ór eliminate HAPS 
transfer medium. і - | 
Cl * Volatile Organic Compounds are regulated by 
C Title I of the Clean Air Act of 1990. 
| ** Hazardous Air Pollutants are regulated by 
Title ITI of the Clean Air Act of 1990. 


*** Federal Insecticide Fungicide Rodenticide Act. 


(continued) 
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Table 3.63: (continued) 


Blended OXSOL Products (27) 





Combustible 
Blend 





50% Oxsot 10 50% Охо: 100 





OXSOL'550 







OXSOL BLEND 





Non- 
Flammable 70% Oxsot 10 30% Perchloro- 
Blends ethylene (PCE) 


OXSOL 73 


50% OxsoL 10 


20% Oxsot 100 30% PCE 


OXSOL 253 


20% Ох501 10 


30% OxsoL 100 50% PCE 


OXSOL 325 


* To dissolve resins in paints, 
coatings, inks, adhesives, 
and other resin applications 


HOW €AN YOU USE IT? 


* General purpose heavy 
duty cleaning. 


* General purpose heavy 
duty cleaning. 


* Spray and wipe cleaning 
applications. 


To eliminate HAPs. 

To reduce VOC (55%). 
For moderate salvency 
For slow to moderate 
evaporation. 

For economy. 


WHY? 


. 


To reduce HAPs (61%). 


exposure to PCE. 
For slow evaporation. 


To reduce VOCs (21%) 
To reduce HAPs (37%). 
For a low-cost, 
aggressive solvent. 

For non-flammability. 
To minimize worker 
exposure to PCE 

For slow to moderate 
evaporation. 


To reduce VOCs (28%). 
To reduce HAPs (44%). 
For non-flammabilitv 
To minimize worker 


exposure to PCE. 
For fast evaporation 
(fastest of all Oxsor blends). 


(continued) 
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Table 3.63: (continued) 


Property Comparison Regulatory Features Comparison (as of 1/1/96) 





ee р auy, и бр = a Ses а 
Rate ШЕТШ" ЛШ ИЕТ Т: Regulations Reportable Carcinogen СА Печ 

OXSOL 100 0.9 109 04 8.63 139 1.2 OXSOL 100 Yes No Хо Хо 
OXSOL 1000 0.2 170 69 8.89 174 12.3 | OXSOL 1000 No No No No 
OXSOL 10 04 - 0.8 123 110 9.6 159 - 162 9 OXSOL 10 Хо Хо Хо Хо 
OXSOL 550 0.7 113 92 8.93 142 - 159 100 | OXSOL 550 Partial No No No 
OXSOL 73 0.6 Моле“ 114 9.11 129 - 158 103 | OXSOL 73 No Yes Yes Partial 
OXSOL 253 ().6 None" 109 9.94 127-159 107 | OXSOL 253 Partial Yes Yes Partial 
OXSO] 225 1.2 Коле! 100 5.81 121-155 11.4 | OXSOL 325 Partial Yes Yes Partial 
Methvlene chloride 14.5 None 136 9.9 40 11 Methvlene chloride Yes Yes Yes Yes 
ГегсПівгос мене 1.5 - 2.59 None 90 9.8 121 13.5 | Perchloroethvlene No Yes Yes Yes 
Trichloroethvlene 6.39 None 130 9.3 87 12.1 | Trichloroethylene No Yes Хо Yes 

1,1 1- Рае югое{ Вайс" 6 None 124 8.9 74 1 1,1,1-Trichloroethane Yes Yes No Yes 
CPC TID 2] None 3l 7.2 48 13.1 СК 1132 Yes Yes No No 
Dibasic ester 0.009 212 па“ 9.2 210-215 73 Dibasic ester No No No No 
d-Limonene 0.1 118 60 — 178 7.0 d-Limonene No No Yes No 
Toluene 2.0 40 - 45 105 8.9 111 7.2 Toluene No Yes Хо Yes 
Xylene 0.77 - 0.9 85 98 9.9 135 - 143 72 - Xvlene No Yes No Yes 
Acetone 6.1 0 na 9.8 56 6.6 Acetone Yes No No No 

* N-butyl acetate = 1 @ 25°C 

4... на аша 

* 1,1,2-trichloro-1,2,2-trifluoroethane Е 

" Ozone depleting chemical 

(continued) 
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Table 3.63: (continued) 


Sales Specification 


OXSOL" 10 


Monochlorotoluenes 


Specifications 


Appearance Clear, Free of suspended matter 
Color, APHA 25 Max. 
Monochlorotoluene 99.5% Min. 
Toluene 0.4% Max. 
Typical Physical Properties 

Formula CHCl 
Molecular weight 126.59 
Specific gravity @ 25°C/25°C 1.07 
Density, lb/gal (g/1) 9 (1070) 
Freeze point, °C (°F) -25 (-13) 
Boiling point, °C (°F) 159 (318) 
Flash point (TCC), °C (°F) 50.6 (123) 
Vapor pressure @ 20°C, mm Hg 2.6 
Kauri-butanol value 110 

Water, ppm <100 


m | 
о |.|. е у oq ri | | 


Liquid Density (g/c.c.) 
/ 


Oxsol 10 Liquid Density 





КЕ айы 
БАБЫ арра р еа Ос ОАЕ 


Temperature (C) 


(continued) 


Halogenated Hydrocarbons 173 


Table 3.63: (continued) 


Oxsol 10 Liquid Heat Capacity 


0.45 Mmmm emen e eren e Nt qu tv em v em em eme 


verae cn nennt rh ws TOE Y dU Poor ceu rn re qnd vh atq re nre ТЈ quur y ren e IR n yum ы 





0.35 


Liquid Heat Capacity (BTU/Ib/F) 


Temperature (C) 


Oxsol 10 Liquid Thermal Conductivity 


Liquid Thermal Conductivity (BTU/hr/fUF) 





Temperature (C) 


(continued) 
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Table 3.63: (continued) 


Oxsol 10 Vapor Thermal Conductivit 


о о о о 


(4/10/18) Au vnonpuoo [euuau , 





Temperature (C) 


Oxsol 10 Liquid Viscosi 





ОО 
ШІП, 
ШІП "oen 
ШИ И И, 
ШШШ 
И АИ. 
ІШІШДІШШІ 
ИЦ, 
МА 
АИ, 
ШИШИ 
ШИ, 


Aysoosi, pinbry 


ag 


(до 


Temperature (C) 


(continued) 


Halogenated Hydrocarbons 175 


Tabie 3.63: (continued) 


Oxsol 10 Vapor Viscosity 


Vapor Viscosity (cP) 





Temperature (C) 


Oxsol 10 Liquid Heat of Vaporization 


120 


— 
e 
o 


Liquid Heat of Vaporization (BTU/Ib) 
о со 
о о 


40 





Temperature (C) 
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Table 3.63: (continued) 


Vapor Pressure (mmHg) 


Surface Tension (Dyne/cm) 


Oxsol 10 Liquid Vapor Pressure 





1000 


100 


-. 
о 


л 
с Уу eens 


Ила 
с ытыы | о 





Temperature (C) 


Oxsol 10 Liquid Surface Tension 














РА НИЄ 
_ | | || | || 
А | ||| _ 
pt tt МОЈ | || [|| 













ЕКЕ ГС 
атома 
ЕЕ 
аЬ ч 


130 160 





рачна iis (C) 
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Table 3.63: (continued) 


OXSOL 100 


OXSOL 100 is a purified grade of p-chiorobenzotrifluoride (PCBTF) with the characteristic odor of chlorinated 
aromatic solvents. OXSOL 100 is a clear water-—white liquid with solvency characteristics similar to the classical 
chlorinated and fluorinated solvents. PCBTF has been commercially produced for over thirty years as a chemical 
intermediate. OXSOL 100 has been used as a solvent since 1992 as a replacement for solvents with Ozone 
Depletion Potential (ODP), Volatile Organic Compounds (VOC) and Hazardous Air Pollutants (HAP). 


OXSOL 100 is not regulated as an ozone depleter. OXSOL 100 is not reguiated as a Hazardous Air Pollutant. And 
on October 5, 1994, the EPA published in the Federal Register, a revised definition of VOC which specifically 
exempted OXSOL 100 from VOC regulations. The exemption was based on the very favorable atmospheric profile 
of the molecule. 


The use of OXSOL 100 or other PCBTF based OXSOLs will allow many solvent users to eliminate or reduce their 
use and emissions of VOCs without giving up the many benefits received from organic solvents. OXSOL can be 
used to extend or replace many organic solvents, including toluene, xylene, mineral spirits, acetone, methyl ethyl 
ketone (MEK), trichloroethylene, perchioroethylene, 1,1,1-trichloroethane and n-methyi pyrrolidone (NMP)> 


Physical Properties of OXSOL 100 
Freezing Point, °C 

Boiling Point, °C 

Flash Point, TCC, °F 

Evaporation Rate at 25°C, n-BuAc = 1 


Solubility Parameter (cal/em3)}/2 
Density @ 25°C, lb/gal 


Kauri-Butanol Value 

Solubility of water in OXSOL @ 25°C, ppm 

Solubility of OXSOL in water @ 25°C, ppm 

Surface Tension @ 25°C, dynes/cm? 

Heat of Combustion, BTU/Ib 7100 
Viscosity @ 25°C, ep 0.79 
CAS# 98-56-6 


















Sales Specifications 
Appearance CFOSM 
Color, APHA 20 Max 
Acidity, ppm (by specific ion probe) 3 Max 
Alkalinity, ppm as NaOH 10 Max 
Water content, ppm 150 Max 


Specific Gravity @ 25°C/25°C 1.33-1.35 
Non Volatile Residue, Wt. % 0.0020 Max 
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Table 3.63: (continued) 


Liquid Viscosity, centipoise 


Surface Tension, dynes/sq. cm. 


Liquid Viscosity 


1.2 
1.0 
0.8 
0.6 
0.4 


0.2 


-20 0 20 40 60 80 100 
Temperature, °C 


Surface Tension 


26 
24 


22 


20 40 60 80 100 120 140 


Temperature, °C 


Vapor Pressure, mm of Hg 


Latent Heat, BTU/Ib 


Vapor Pressure 


1000 


100 


0.1 
-20 0 20 40 60 80 100 120 140 


Temperature, °C 


Latent Heat of Vaporization 


110 
100 


90 


70 
60 
50 


40 
0 50 100 150 200 250 300 


Тетрегашге, “С 
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Table 3.63: (continued) 


Vapor Pressure vs. Temperature - OXSOL 100 


Vapor Pressure, mm of tig 


ПА Т 
ТЕКШЕ 
Ш 
гре КС ШЕ 
ШЕГШЕ 
ТЕШЕ 
ГШЩ 
ШЦ 
Ш 
ШЕК 
ШШ 
114% 
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150 


125 


Temperature °C 


5 


100 


5 


7 


50 


2 


180 
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Vapor Pressure vs. Temperature - OXSOL 100 


Vapor Pressure, mm of Hg 


НИНА 0.1 


HET Ooh p зара ар. ee а И 
merae ceu el uomen 
Pee fos е тела па оно е ре а Пал ана К а ра мш 
ГЕЈ ЕН ЕН НОЕ БЕРЕ! ПРЕ ера а ыы с с МЕ к к мз sos 
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Specific Heat vs. Temperature - OXSOL 100 
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Tabie 3.63: (continued) 


Latent Heat vs Temperature - OXSOL 100 
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Table 3.63: (continued) 


Liquid Viscosity vs. Temperature - OXSOL 100 
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: (continued) 


Table 3.63 


Vapor Viscosity vs. Temperature - OXSOL 100 


Vapor Viscosity, centipoise 
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Table 3.63: (continued) 


Liquid Thermal Conductivity vs. Temperature - OXSOL 100 
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Liquid Therma! Conductivity, Btu/hr,ft,°F 
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Vapor Thermal Conductivity vs. Temperature - OXSOL 100 


Vapor Thermal Conductivity, Btu/hr,ft,°F 
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OXSOL 2000 
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Chemically, OXSOL 2000 is alpha, alpha, alpha-trifluorotoluene, an HFC. OXSOL 2000 has a number of desirable 
properties for precision cleaning, electronics cleaning, aerosol applications, and wipe cleaning. It is a pure 
compound, with a relatively fast evaporation rate and toluene-like odor. In its pure form, OXSOL 2000 is a good 
replacement for hexane, toluene, and VM&P naphtha where a rapid evaporation rate is desirable and a flammable 
solvent can be used safely. In addition, OXSOL 2000 can be blended with classical solvents like trichloroethylene 
yielding non-flammable, very fast evaporating compositions. 


1.26 


Density (g/cc) 


Physical and Chemical Properties of OXSOL 2000: 


Property 

Chemical Formula 

Molecular Weight 

Boiling Point: °C (°F) 

Dielectric Constant, 25°C 

Flash Point, TCC °C (°F) 

Fire Point, TOC °C (°F) 

Kauri Butanol Value 

Evaporation Rate, n-BuAc = 1 

Latent Heat of Vaporization (B.P.), BTU/Ib 
Specific Heat, Liquid 20°C (BTU/Ib/°F) 
Density, 20°C, gm/cc 

Density, 20°C, Ibs/gal 

Vapor Pressure (20°C), mm Hg 

Vapor Density (Air = 1) 

Surface Tension in Air: Dynes/cm:20°C 
Viscosity (Cp), Liquid, 20°C 


Density of OXSOL 2000 





C;HsF; 
146.11 
102 (216) 
11:5 
12 (54) 
23 (74) 
49 

2.8 

97 
0.306 
1.185 
9.88 
30 

5.0 

23 
0.56 




















Temperature (C) 
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Table 3.63: (continued) 


Liquid Heat Capacity of OXSOL 2000 
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Table 3.63: (continued) 


OXSOL 2000 Vapor Thermal Conductivity 
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OXSOL 2000 Liquid Viscosity 
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Table 3.63: 


Vapor Viscosity (cP) 


Heat of Vaporization (BTU/ib) 


(continued) 


OXSOL 2000 Vapor Viscosity 
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OXSOL 2000 Heat of Vaporization 
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Table 3.63: (continued) 


OXSOL 2000 Liquid Vapor Pressure 
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Table 3.63: (continued) 


Sales Specification 


ОХ501%550 


Тез! 


Аррвагапсе 

Союг, АРНА 

Acidity, ppm as Total Inorganic Acidity 
(by Specific lon Probe) 

Alkalinity, ppm as NaOH 

Water Content, ppm 

Specific Gravity @ 25°C/25°C 

Residue on Evaporation, Wt. % 


Physical Pr rti 


_ Specifications 


Clear, Free of Suspended Matter 
30 Max. 
3 Max. 


10 Max. 
150 Max. 
1.20-1.22 
0.0025 Max. 


OXSOL 550 is a clear, coloriess blend of Halogenated Aromatic solvents with a 
characteristic chloroaromatic odor and the following physical characteristics: 


Distillation Range, @ 760 mm Hg 
Flash Point, (TCC) 

Freezing Point 

Evaporation Rate (n-BuAc=1.0) 
Solubility, @ 25°C 

Density, @ 25°C 

Vapor Pressure, @ 20°C 

Heat of Combustion 
Kauri-Butano! Value 


142-159?C 
113°F 

<-60°C 

0.7 

«150 ppm in H20 
10.11 !bs/gal 

3.9 mm Hg 
9,900 BTU/Ib 

92 


Sales Specification 


OXSOL*?73 


Test 


Appearance 

Color, APHA 

Acidity, ppm as Total Inorganic Acidity 
(by Specific lon Probe) 

Alkalinity, ppm as NaOH 

Water Content, ppm 

Specific Gravity @ 25°C/25°C 

Residue on Evaporation, Wt. % 


Physical Pr rti 


Specifications 


Clear, Free of Suspended Matter 
30 Max. 
3 Max. 


15 Max. 
100 Max. 
1.22-1.26 
0.0025 Max. 


OXSOL 73 is a clear, colorless, non-flammable blend of Monochlorotoluenes and 
Perchloroethylene with a characteristic chloroaromatic odor and the following physical 


characteristics: 


Distillation Range, @ 760 mm Hg 
Flash Point, (TCC) 

Freezing Point 

Evaporation Rate (n-BuAc=1.0) 
Solubility, @ 25°C 

Density, @ 25°C 

Vapor Pressure, @ 20°C 

Heat of Combustion 
Kauri-Butanol Value 


* NFTB - No Flash to Boiling 


129-158°C 
NFTB * 

-33°C 

0.6 

«150 ррт іп Н2О 
10.35 Ibs/gal 
8-10 mm Hg 
8,300 ВТУЛЬ 
114 


(continued) 
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Table 3.63: (continued) Sales Specification 


OXSOL® 253 


Test _______ Брест саол5 ____ 
Арреагапсе Clear, Free of Suspended Matter 
Союг, АРНА 30 Мах. 

Acidity, ppm as Total Inorganic Acidity 3 Max. 
(by Specific lon Probe) 
Alkalinity, ppm as NaOH . 15 Max. 
Water Content, ppm 100 Max. 
Specific Gravity @ 25°C/25°C 1.27-1.32 
Residue on Evaporation, Wt. % 0.0025 Max. 
Physical Properties 


OXSOL 253 is a clear, coloriess, non-flammable biend of Halogenated Aromatics and 
Perchloroethylene with a characteristic chloroaromatic odor and the following physical 
characteristics: 


Distillation Range, @ 760 mm Hg 127-159°C 

Flash Point, (TCC) NFTB * 

Freezing Point <-60°C 
Evaporation Rate (n-BuAc=1.0) 0.6 

Solubility, @ 25°C <150 ppm in H20 
Density, @ 25°C. 10.81 Ibs/gal 
Vapor Pressure, & 20?C 10 mm Hg 

Heat of Combustion 7,600 BTU/Ib 
Kauri-Butano! Vaiue 109 


* NFTB - No Flash to Boiling 


Sales Specification 


OXSOL® 325 


Test Specifications 
Appearance Clear, Free of Suspended Matter 
Color, APHA 30 Max. 

Acidity, ppm as Total Inorganic Acidity 3 Max. 
(by Specific lon Probe) 
Alkalinity, ppm as NaOH 15 Max. 
Water Content, ppm 100 Max. 
Specific Gravity @ 25°C/25°C 1.40-1.46 
Residue on Evaporation, Wt. % 0.0025 Max. 
Physical Properti 


OXSOL 325 is a clear, colorless, non-fiammable blend of Halogenated Aromatics and 
Perchloroethylene with a characteristic chloroaromatic odor and the following physical 


characteristics: 

Distillation Range, @ 760 mm Hg 121-155°C 

Flash Point, (TCC) NFTB * 

Freezing Point <-50°C 
Evaporation Rate (n-BuAc=1.0) 1.2 

Solubility, @ 25°C «150 ppm in H2O 
Density, @ 25°C 11.95 Ibs/gal 
Vapor Pressure, @ 20°C 13 mm Hg 

Heat of Combustion 5,100 ВТИЛЬ 
Kauri-Butanol Value 100 


* NFTB - No Flash to Boiling (continued) 
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OXSOL SA 


OXSOL SAs are based on parachlorobenzotrifluoride (PCBTF or OXSOL 100), an "environmentally friendly" 
solvent alternative. PCBTF has a unique atmospheric profile, making it one of the few volatile organic solvents 
not suspected of causing stratospheric ozone depletion or tropospheric ozone and smog. PCBTF is not an ozone 
depleting product (ODP). It is exempt from USEPA Volatile Organic Compounds (VOC) regulations. It is nota 
hazardous air pollutant (HAP). It is not on the SARA Title lll, Section 313 list of toxic chemicals. It is nota 
carcinogen and is considered only "mildly toxic" (from Federal Register 50 FR 42216-4221 10/18/85. 


As a result of its favorable regulatory status and excellent properties, PCBTF is ап ideal candidate for formulating 
environmentally friendly solutions without giving up the excellent physical and chemical properties of organic 
solvents. 


OXSOL? 


Dielectric Breakdown* 


Product Test #1 (kv) Test #2 (kv) 
OXSOL 73 30 38 
OXSOL 253 50+ 50+ 
OXSOL 325 50+ 50+ 
OXSOL 550 35 40 
OXSOL 100 48 50 
OXSOL 1000 40 50 


* ASTM Test Method D-877; Reported in thousands of volts. 


Sales Specification 


OXSOL? 1000 


ша а а = x rc ..—.... Specifications — 
Appearance Clear, Free of Suspended Matter 
Color, APHA 20 Max. 
Acidity, ppm as Total Inorganic Acidity 3 Max. 
(by Specific lon Probe) 

Alkalinity, ppm as NaOH 10 Max. 
Water Content, ppm 150 Max. 
Specific Gravity @ 25°C/25°C 1.47-1.49 
Residue on Evaporation, Wt. % 0.0020 Max. 

Physical Properti 


OXSOL 1000 (3,4-Dichlorobenzotrifluoride) is a clear, colorless solvent with the 
following physica! characteristics: 


Boiling Point, @ 760 mm Hg 174°C 

Flash Point, (TCC) 170°F 

Freezing Point -12.4°C 
Evaporation Rate (n-BuAc=1.0) 0.2 

Solubility, @ 25°C 11.6 ppm in H2O 
Density, @ 25°C 12.36 ibs/gal 
Vapor Pressure, Є 20°C 1.6mm Hg 

Heat of Combustion 4,830 ВТОЛЬ 


Kauri-Butanol Value 69 
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Table 3.64: 3M Hydrofluoroether 


3M™ HFE-7100, methoxy—nonafluorobutane (C,F,OCH,), is a clear, colorless and low-odor fluid intended to 
replace ozone-depleting materials. This proprietary fluid has zero ozone depletion potential and other favorable 
environmental properties. It has one of the lowest toxicological profiles of the new CFC replace materials, with 
a time-weighted average exposure guideline of 600 ppm (eight hour average). 


The high boiling point, increased solvency and low surface tension of 3M HFE-7100 make it suitable for use in 
vapor degreasing applications as a neat (pure), azeotropic or co-solvent parts cleaner. In addition, its chemical 
and thermal stability, non-flammability and low toxicity make it useful for other industrial applications such as 
specialty solvent and heat transfer applications. 


Typical 3M HFE-7100 Applications 


e Cleaning and Rinsing Agent 
Heavy-duty (co-solvent) cleaning - heavy oils, greases, fluxes 
Medium-duty cleaning (azeotrope) - oils, greases, waxes 
Light-duty cleaning (neat) - particulates, fluorolubes, light oils, fluoropolymers 
Lubricant Carrier 
Fluorocarbons 
Hydrocarbons 
Silicones 
е Spot-Free Water Drying Agent 
(with surfactants added) 
e Specialty Solvents, Dispersion Medium 
* Heat Transfer Medium 
e Spray Contact Cleaner 
e CFC, HCFC, HFC and PFC Replacement Agent 





Heat Transfer Properties 


3M HFE-7100 | CFC-113 | HCFC-141b | HCFC-225 ca/cb | HFC-4310 | 





Vapor Pressure’ 210 331 569 

Viscosity’ 0.61 0.68 0.43 

Heat of Vaporization’ 30 35 53.3 

Specific Heat* 0.28 022 0.30 
mmHg @ 25°C Data compiled from published information. 
cps @ 25°C 


cal/g @ boiling point 
cal/g °C @ 25°C 


- ~ r2 -- 


Environmental Properties 














Ozone Depletion 0.03 0.00 
Potential'-ODP 
Global Warming 170/530 1300 


Potential’-GWP 
Atmospheric 
Litetime-ALT (yrs) 


' СЕС-Ш = 1.0 NOTE. НСЕ с -225 calcb ratio is 45/55 
> GWP - 100 year Integration Time Horizon (ITH) Data coripiled [rom published information 
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Table 3.64: (continued) 


Comparison Guide 


Property 1 5 о ен а 
- 1, -225 са/сь| | НЕС-4310 

‘Surface Tension (dynes/cm @ 25°C) 13.6 14.1 
Heat of Vaporization (Cal/g) @ Boiling Point 30 35 | 31 
5 1 - 226 


2 4 
| 8 
Specific Heat (Cal/g/°C @ 25°C) 0.28 0.27 
| Solubility for HzO (ppm by wt.) 95 110 490 
| 
630 
500 





Atmospheric Lifetime (Years) | 94 | 2.5-6.6 17.1 
GWP (100 Year ITH) 480 | 60 | 10 | 170/530 1300 


EE г р е 


Acute Inhalation (ppm) (4 Пг. | Сер) >100M ca50M 62M 16M 37M 10M 
8 hr. Exposure Guideline (ppm) 


+ 
— 


eo 
© 
— 
о 
со 
О 


350 50 200 
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Table 3.64: (continued) 


3M HFE-7100 Toxicological Test Results 


Acute Lethal Inhalation Concentration >100.000 ppm (4 hr) 

Oral Practically non-toxic (>5g/kg) 
Eye Imitation Practically non-irritating 

Skin Irritation Minimally irritating 

Skin Sensitization Not a Skin Sensitizer 


Inhalation Range Finding (28 day) 600 ppm Exposure Guideline’ 

Developmental Toxicity No abnormal effects observed 

Mutagenicity ’ Nota mutagen 

Cardiac Sensitization No signs of sensitization at exposures up to 100,000 ppm 
Ecotoxicity In Progress 

90 Day Inhalation In Progress 





' Exposure Guideline set by the 3M Medical Department 


3M HFE-7100 Materials Compatibility 


Aluminum Acrylic Butyl Rubber* 

Copper Polyethylene Natural Rubber 
Carbon Steel Polypropylene Nitrile Rubber 

302 Stainless Steel Polycarbonate EPDM 

Brass Polyester 

Molybdenum Epoxy 

Tantalum PMMA 

Tungsten PET 

Cu/Be Alloy C172 ABS 


Mg Alloy AZ32B 


Compatible after one hour exposure at boiling temperature. 
*Butyl Rubber best for extended exposure »1 month. 
Exceptions: some swelling of PTFE and Silicone Rubber. 
Some surface oxidation of copper during heat aging. 


3M HFE-71DE Hydrofluoroether Azeotrope 


3M™ HFE-71DE is a hydrofluoroether, Methyl Nonafluorobutyl Ethers (C,F,OCH,), in an azeotrope formulation 
with trans-1,2-dichloroethylene. This mixture is a true azeotrope, with constant vapor and liquid composition at 
its boiling point. This fluid is suited to medium duty cleaning and degreasing tasks, as well as specialty solvent 
applications, and is intended to replace ozone-depleting materials. It has zero ozone depletion potential and other 
favorable environmental properties. SM HFE-71DE has atime-weighted average exposure guideline of 600 ppm 
for the 3M" HFE-7100 component, and 200 ppm for trans-1,2-dichloroethylene (8 hr average). 


The increased solvency and low surface tension, nonflammability and constant composition during boiling of 3M 
HFE-71DE make it suitable for immersion and vapor degreasing applications. These properties also may make 
the azeotrope suitable for certain coating and lubricant deposition applications where increased solvency ís 
required. 

3M HFE-71DE Typical Applications 





Cleaning, Rinsing and Drying Agent 
Cleaning of oils, greases, waxes 
Specialty solvent applications 
For information on other applications, contact your 3M representative or 3M 
authorized distributor. 
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Table 3.64: (continued) 


General Properties 


Properties 3M НЕЕ-710Е | СЕС-113 | НСЕС-141ь | НСЕС-225 са/сь | HFC-4310 
































Formulation Azeotrope' С,СЦЕ, ССІ,ЕСН, С.СЬНЕ, Azeotrope’ 
Boiling Pt °C 4] 48 32 54 39 
Freeze Pt °C -24° -35 -103 -131 not avail. 
Liquid Density’ 1.37 1.56 1.23 1.55 1.41 
Surface Tension‘ 16.6 17.3 19.3 16.2 15.2 
Kauri-Butanol Value 27 31 56 31 МА 
Flash Point None None None None None 
Flammability Range in Air None None 7.1-18.6° Мопе М/А 


' 50% 3M HFE-7100 (C,F,OCH;,), 50% trans-1, 2-dichloroethylene 

* 61.7% НЕС-4310 (С;Н,Е,,), 38% trans-1, 2-dichloroethylene (Dupont Vertrel MCA) 
* Critical Solution Temperature 

* g/mil @ 25°C 

* dynes/cm @ 25°C 

* Vol % by ASTM E681-94 @ 100°C 


Physical Properties 

Vapor Pressure? 473 33! 569 290 464 
Viscosity’ 0.45 0.68 0.43 0.59 0.49 
Heat of Vaporization* 48 35 53.3 34.6 43.3 
Ozone Depletion 0.00 0.80 0.10 0.03 0.00 
Potential-ODP* 

Global Warming 250 5000 630 170/530 N/A 
Potential* 

Atmospheric 4.1? 85 9.4 2.5/6.6 М/А 


Lifetime (yrs) 





' 61.7% НЕС-4310 (СЕ „), 38% trans-1, 2-dichloroethylene (Dupont Vertrel MCA) 
mmHg @ 25°C 

cps @ 25°C 

cal/g @ boiling point 

CFC-11 = 1.0 

GWP - 100 year ITH, CO, = 1.0 

4.1 - 3M HFE-7100, 0.01 trans-1, 2-dichloroethylene 


> > - ж ~ і» 


3M HFE-71DE Material Specifications 





Methyl Nonafluorobutyl Ethers' 50% by weight 
Trans- 1 ,2-dichloroethylene 50% by weight 
Appearance Clear, colorless 


' 3M HFE-7100 (C,F,OCH;) consists of two inseparable isomers with essentially identical properties. 
These are (CF3),CFCF,OCH; (CAS No. 163702-08-7) and CF,CF,CF,CF,0CH3, 
(CAS No. 163702-07-6). 
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Table 3.64: (continued) 


Regulatory Status 


The U.S. Environmental Protection Agency (EPA) has completed its Pre-Manufacturing Notification (PMN) review 
and has permitted 3M to commercialize 3M™ HFEs immediately. Both components of 3M HFE-71DE are TSCA 
listed. 3M is pursuing an "Acceptable" listing for Methyl Nonafluorobutyl Ethers under the EPA's Significant New 
Alternative Policy (SNAP) program. Trans-1,2-dichloroethylene is approved under SNAP for use as a cleaning 
solvent. 


As a result of its lower toxicity, trans—1,2-dichloroethyiene is far less regulated in its use compared to "chlorinated 
solvents." The only regulations affecting 3M HFE-71DE due to the presence of trans are VOC emissions and 
reporting requirements if it is emitted into water or if a spill of 2000 Ib or more occurs. Trans is not considered 
a Hazardous Air Pollutant and is not subject to annual reporting requirements. The following table lists the 
regulations covering trans compared to chlorinated solvents. 


Regulations on Chlorine-Containing Solvents 


Trans-1,2-dichloro Trichloro | Perchloro Methylene 
Regulation ethylene ethylene | ethylene | Chloride 





VOC Designation Yes 0 | Хе ts No | 
Hazardous Waste “Yes for pure trans Yes Yes Yes 

| (nofor3M'" HFE-7IDE) | u 
Reportable Qty jor 1,000 Ibs 100 Ibs 100 Ibs 1,000 Ibs 
Accidental Release m u (2,000 Ibs in 3M HFE-71DE) А ан 
Regulated if Emitted into y Water Yes 


Hazardous Air Pollutant 


Annual Reporting (EPCRA 3 | 3) No 
(SARA) 


OSHA List of toxins/carcinogens No 
NJ or CA Hazardous Lists No 





| 
ха 
>” и: 
і 


Typical Physical Properties of HFE L-13938 


Boiling Point (°C) 60 
Freezing Point (°C) -135 
Flash Point (?C) None 
Solubility for water (ppm) 95 
Solubility in water (ppm) «10 


Thermal Transport Properti f HFE L-1 


@ 0*C -40? 
Density (gm/ml) 1.54 1.63 
Specific Heat (J/Kg °C) 1133 1053 
Viscosity (cSt) 60 1.07 
Thermal Conductivity (W/m °C) 074 082 
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Table 3.64: (continued) 


Ozone Depletion Potential (ODP) 
Volatile Organic Compound (VOC) 
Atmospheric Lifetime 

GWP (IPCC 1994) 

HGWP 


Oral 
Eye Irritation 
Skin Irritation 
Skin Sensitization 
Inhalation 

ALC 
Chronic Toxicity 


0 (СЕСИ = 1) 

Хо 

4.0 years 

500 (СО, = І, 100th year) 
0.09 (СЕСИ =1) 


Practically non-toxic orally 

No irritation 

No Irritaiton 

Not a Skin Sensitizer 

No observable effects at 10,000 ppm 
>100,000 ppm (4hrs) 

In Progress 
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Table 3.64 


GJ Sherwood 


EF&S 


(31% іп water) 
(33% in water) 


(25% in water) 


(20% in water) 
Propylene Glycol 


K,CO3 (27% in water) 


NaCL (19% in water) 
МИ, (114 м water) 
CaCl, (18% in water) 
Methyl Alcohol 
Ethylene Glycol 
Dowtherm™ J 
L-13938 
Tyfoxit™ 1.21 


Ethy! Alcohol 
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ПИРА О ESS A 
СР О А ДАТА МЕНИ 
ON NT 
TTT К МТ 
ОА ААА 
ИА АА ОТ 
HE ВВ В М НЕ 


iquids 
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Heat Transfer Factor of Secondary L 


ШЕЕ 


И 
ИШИНИ 
НАШ 


Оз IIT TEET 


= ғ ғғ. - н 


(32424 зі заці) 203284 19)5и841 )є9ц 


Tyfoxit™ 1.15 
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Temperature 


© Cooling Limit 


GJ Sherwood 
3M EF&S 


ds 
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Temperature Difference Factor of Secondary L 


(3190 in water) 
(3396 in water) 


(20% in water) 
(25% in water) 
Propylene Glycol 


KjCO3 (27% in water) 
Methyl Alcohol 
Ethylene Glycol 
Dowtherm™ J 
Syltherm™ XLT 
HFE L-13938 
Tyfoxit™ 1.21 
Tyfoxit™ 1.15 


NaCL (19% in water) 
CaCl, (18% in water) 


NH3 (1196 in water) 


Ethyl Alcohol 
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Table 3.64: (continued) 


Pump Power Ratio of Fluid to HFE L-13938 


Theoretical Specific Pump Power Requirements 


Propylene Glycoi . 
(33% in water} 





erue °С 


Physical Properties of HFEs 


Proper 
регу (НЕЕ А) (НЕЕ В) (СЕС-113) 


Boiling Point 60 73 48 
(°C) 

Freezing Point -35 
(°C) 

Flash Point 
(°C) 

Solubility for 

Water (ppm)* 


Solubility in 
Water (ppm)* 


.0%25С 
* detection linnt tor material 


Physical Properties of HFEs 


Property СЕОСНЗ  C4FOC:2Hs  СЕСІСЕСЬ 
(@23°C) (HFE A) (HFE B) (СЕС-113) 
(@25°C) 


Liquid Density 5 и 1.56 
(g/ ml) 


Viscosity 
(cp) 

Surface Tension 
(dynes/cm) 

Heat of Vaporization 
(cal/g) 


Specific Heat 
(cal/ g/°C) 





САБОСЬЬ СОСНУ СЮСІСЕСЬ СНОССЬ 


(ТСА) 
74 


-39 


CHCCh 
(TCA) 
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Table 3.64: (continued) 


(репицио2) 


Environmental Properties of HFEs 











Property CaFvOCHs С„ЕФОС:Н; CEXICECH CIbCCIh 
(HFE A) (HFE B) (СЕС-113) (ТСА) 
ОРР 0 0 0.8 0.1 







(СЕС-11 = 1) 











УОС Мо Мо Мо Мо 








Atmospheric Lifetime 5.5 1.2 140 6.1 
(years) 









GWP 500 110 4500 100 
(CO?=1, 100 Year FCH) 









HWP 0.12 0.03 1.4 0.02 
(СГС-Н = р 










HFE Toxicity Evaluations — Status 


е Phase t - (Acute) Tests 







Oral Practically non-toxic orally 
Inhalation No observable effects at 10,000 ppm 
ALC of C Бо О-СН, > 100,000 ppm (4 hr) 
ALC of C угон. 2 50,000 ppm (4 hr) 


Skin Irritation No Irritation 
Skin Sensitization 











Test In Progress 
Eye Irritation No Irritation 
Ames Assay 






In Preparation 





@ Phase 2- (Advanced) Tests All In Preparation 





Есоюхкну 






Cardiac Sensitization 


Inhalation Range Finding & Developmental Toxicity 





90 Day Inhalation 






Key Material Compatibilities with HFEs 












Compatible with: 















Metals Plastics 
Aluminum Acrylic 
Copper* Polyethylene 
Carbon Steel Polypropylene 
302 Stainless Steel PVC 
PMMA 
Elastomers Polycarbonate 
Natural 
Neoprene Exceptions: 
Urethane Some swelling of PTFE 
LPPM Significant swelling of Silicone Rubber 
SBR * Some surface oxidation during heat aging 
Nitrile 








One week exposures at builing temperature 






Hydrocarbon Solvency 
Solubility for dodecane (C.H. ) 






СЬЕ,, 






C Ept 


СЕ СЕНСЕНСЕ,СЕ, F3 
(HFC 43-10) 













iG Boiling Point: 


НЕБА аиа Жы Ооң (ті 








НЕЕВ 







CTC-113 






28 


Perceut by Weight 





5и0д40204р4ц рагизвобц 


£0c 


Table 3.64: (continued) 


Hydrocarbon Solvency Stability of HF Es 
Solubility for Heavy Mineral ОП” 


Hydrolytic Stability 


Trans/MeOH Aseo! 6 | | скоснз сБОСв СЕСКЕСИ 
гай5 е ео. 8 ! : - 
56% /40%/ 4% Ж D | (HFE A) | (НЕЕВ)  (CFC-113) 


| HF Generation Rate 0 і 
C,F,,H/*Trans/MeOH | @ Boiling Point 46 0.07 0.02 


56%/40%/4% e (ив и) 
& Boiling Point 
, HE Generntion Rate 
C Room Temp alanis 067 «001 


HIFE A Azeotrope (пр р-ћг) 


: Samples healed for 16 hours in sealed tubes containing 0. t M aqueous sodium acetate 


- Analyzed using coulometnc titration employing fluoride ion specific electrode 
Percent by Weight 





“Aldrich White Heavy Мест ОН 


*Trans = Trans 1,2-dichloroethylene 


HFEs vs. HFCS 
€ Higher Hydrolytic Stability 
Compound HF Generation Rate HF Generation Rate 


(à Boiling Point (а Boiling Point + 50 °C 
(ng/g/-hr) (ng/g/-hr) 


HFEs vs. HFCs 


@ Shorter Atmospheric Lifetimes 


Ratio of 
HFE vs HFC Estimated Lifetimes* 


(HFE/HFC) 
СЕзО-СНз уз СВЗСИЗз 0.03 


СКОСИ, 0.46 0.67 
(НЕКА) 


СКОСИ: 0.07 0.22 
(НЕЕ В) 


C.Fo CH, 1.31 18.9 


C2Fs-O-CH3 vs С2Е5СНз 0.13 


- Samples healed for I6 hours in sealed tubes containing U EN aqueous sedium acetate 


СзЕ”-О-СНз уз СзЕСНз 0.20 


- Analyzed using coulometri titration employing a Haornde specitit electrode 





Са ЕО-СНз уз C4F9CH3 0.25 





*From calculated reaction rates with hydroxyl radical 
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Table 3.64: (continued) 






Cleaning Performance 
Hydrocarbon and Silicone Oils 







Percent Oil 
Removal by 80 
Weight 













НЕЕ А НЕЕ В СЕС-ІІЗ НЕБА НЕЕ В COVER 













Hydrocarbon ОЙ Silicone Oil 





Jest conditions one nunute Untnersoon 1n boiling solvent with sonmation Ноа by 
опе пиаще Vapor rese 

Hydrocarbon OH Heavy Аһвеға ОН (Мати Б Срепиксаії) 

Silicone Cub AK 350 (Nacker t Воть) 









Cleaning Performance Results 
СЕС-113 

WP HFE RB 

НЕЕ А 





Percent Oil Removal 








1 5 6 7 8 9 
Cleaning Trial 






Soil: Hydrocarbon Oil-Mobilmet Omicron 





HFEs vs. HFCs 


@ Lower Global Warming Potentials 


Compound Global Warming Potential 
(CO2=1, 100 year ITH) 


Са ӘОС>Н5 (НЕЕ В) 110 
CF OCH (НЕЕ А) 

СЕСЕНСЕНС 2 Е5 (НЕС-43-10тее) 

СЕЗСН?Е (НЕС-134г) 


СЕЗСЕНСЕЗ (НЕС-227еа) 





Cleaning Performance 
Halogenated Oil Removal 
Perfluoropolyether Oil 
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Percent Oil 
Removal by 90 
Weight 
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Table 3.64: (continued) 


Cleaning Performance Results - As 
An AVD ™ Rinsing Agent 


Percent Soil Removal 
CFOCH3 СЕ ОС:Н; СЕС-113 
Heavy Oil. 999 - 100.0 100.0 
Flux 100.0 100.0 80.8 
All materials except CFC-113 employed a ? rxinute immersion in Petroferm Solvating Agent 24 


with sonication followed by 30 seconds immersion rinsing at the boiling point 


Heavy Oil - Duo Seal Pump Oil (Sargent-Wekh Scientific Co.) 
Solder Flux - Alpha 611 


AVD is a trademark of Petroferm Inc. 


Solvency of HFEs 
у ј HFE Cleaning Spectrum 
Compound Kauri-Butanol Value* Cleaning System : 


CFC-113 32 Neat HFE —> HFE Azeotrope —> HFE Co-Solvent 
Cleaning 


1,1,1-trichoroethane 123 


Soits: 


C.F Light Oils Medium W elght Oils Heavy Oila 
14 Halogenated Silicone Oils Hydrocarbes Greases 
Compounds Lubricants Silicone Greases 


С.Е ОСН. Particulates Release Agents Buffing Compounds 


Hydraulic Fluids Polishing Agents 
C,F,OCH, Azeotrope Flux Residue 
Solvating Agent 24 


* per ASTM D 1133-86 





Cleaning Performance 
Using Neat HFE 


Cleaning Performance Using Neat HFE 


Percent Oil јан Pu Hn ос4евоснз 


Removal by bia! "n p | 
Weight a Ld за асе d 


Halogenated Silicone Hydrocarbon 
Oil Oil Oil 
Test conditions: one minute immersion in boiling solvent with sonication followed by 
one minute vapor rinse. 
Halogenated Oil: Krytox 157FSM (DuPont) 
Silicone Oil: AK 350 (Wacker Chemie) 
Hydrocarbon Oil: Mobilmet Omicron 


7 8 9 


| 
1 


2 * Cleafing тва 


Conditions: one minute immersion in boiling solvent with sonication 
Soil: Hydrocarbon Oil - (Mobilmet Omicron) 
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Table 3.64: (continued) 


Neat HFE Cleaning Performance 
Q - Site Testing Results 


Examples of Components Successfully Cleaned using Neat HFEs 


Customer Part Soil Removed Result 


Meets Customer 
Requirements 


Medical Device Light Hydrocarbon Ой 


Gyroscope Brominated Flotation Fluid Meets Customer 
Requirements 


Meets Customer 
Requirements 


Diskette Shutter Light Silicone Oil* 


* Cleaned in Vapor Phase 


Cleaning Performance as a 
Co-Solvent Rinsing Agent 


Soil Removal (Percent by Weight) 


САБОСН»  СЕС-113 СЕС-113/ 


Неауу ОП 99.9 100.0 


RMA Flux 100.0 80.8 100.0 


Use of HFE employed a 1 minute immersion in Petroferm Solvating Agent 24 
with sonication followed by 30 seconds immersion rinsing at the boiling point 
CFC-113 used a 1 minute immersion with sonication at the boiling point. 


Heavy Oil - Duo Seal Pump Oil (Sargent-Welch Scientific Co.) 
Soider Flux - Alpha 611 (Alpha Metals, Inc.) 


Co-Solvent Cleaning 
Process Equipment 


Halogenated Hydrocarbons 207 


Cleaning Performance 
Using an HFE Azeotrope 


Percent Oil à 
Removal by Marii _ D CAFSOCH3 Azeotrope 


Weight HE. SCFC-113 


Test conditions: one minute immersion in boiling solvent with sonication 
Hydrocarbon Oil: Metalub 525 


HFE Azeotrope Cleaning Performance 
© - Site Testing Results 


Examples of Components Successfully Cleaned using an 
HFE Azeotrope: 


Customer Part Soil Removed 


Optical Medium Hydrocarbon Oils* 
Component 


Medical High MW Silicone Oi? 
Component 


Metal Component Hydraulic Oil 


* Cleaned in Vapor Phase 


Results 


Meets Customer 
Requirements 


Meets Customer 
Requirements 


Meets Customer 
Requireinents 


HFE Co-Solvent Cleaning Performance 
Qt - Site Testing Results 


Examples of Components Successfully Cleaned using an 
HFE Co-Solvent System: 


Customer Part Soll Removed Results 


Aerospace Hydrocarbon and Meets Customer 
Component Fluorinated Greases Requirements 


Assembled High MW Hydrocarbon Meets Customer 
Bearing Greasc Requirements 


Electrical RMA Flux Mects Customer 
Connector Requircments 
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Table 3.64: (continued) 


Summary: 
Performance of Hydrofluoroethers 
in Cleaning Applications 
* Physical Properties Which Closely Match ODSs 

€ Very Good Environmental Profile 
Not Precursors to Photochemical Smog (VOCs ) 
Zero Ozone Depletion Potential 
Short Atmospheric Lifetimes 
Low Global Warming Potentials 
+ Solvency for a Number of Soils 


€ Effective Cleaning Agents in a Variety of Processes 


Solubility (at 25°C) of Various Solutes Boiling Point of HFE/SA-24 Mixtures 
in PFC, HFC, and HFE T 


Solute Solubility (percent) in 


РЕСе | НЕС? Methyl HFE” Ethyl HFE” 


IPA «1 Miscible Miscible Miscible 
Kerosene <1 2 5 Miscible 
Mineral oil «1 «1 «1 «1 

Limonene <l 3.5 20 Miscible 
AVD 19 <1 Miscible Miscible Miscible 


120 


Boiling Point CC) 


(1) CF,, (Perfluorohexane) 
(2) CF „H (“1-H Perfluorohexane”) 
(3) ЕСОСН, 
(4) ЕСЈОСН, 


10 20 30 40 50 60 70 80 90 
SA-24 Concentration in HFE 7100 (Vol. %) 


Selected Parts and Soils Cleaned 
Parts Soils 


Ball bearings Cutting Oil 
--- НСЕС-141Ь . 

0.16 —— PF-5070 Ball bearing assemblies EP Grease 

о Contact lens mounts RMA flux 
Fuel injector components Wax 
Graduated capillary spacing test assembly 
Heat exchangers 
Printed circuit assemblies 


Idling Emissions vs. Freeboard 


0.18 


0.14 


0.12 


0.10 





0.08 
0.06 
0.04 
0.02 


80 100 120 
Percent Freeboard 
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Table 3.64: (continued) 


Residual Solvent (grams) 


а N v в оо о ч o о 
8 8 8 8 8 8 8 8 8 


о 
8 


Halogenated Hydrocarbons 209 


Solvent Dragout Versus Freeboard Dwell Time 
For Selected Halocarbons 


4.00 


8 C4F9OCH3 
O HFC 43-10 
е НСЕС-225 
Ф СЕС-113 


A HCFC-141b 
! 


| 2 Регсћогоеіћуіепе 


Freeboard Dwell Time (minutes) 


HFE Toxicity Evaluation - Status 


+ Phase I - Acute Tests 


Inhalation 
ALC of C,F,-O-CH, 
ALC of C,F,-O-C,H; 
Oral 
Eye Irritation 
Skin Irritation 
Skin Sensitization 


Phase 2 - Advanced Tests 
Ecotoxicity 

Inhalation Range Finding (28 day) 
Developmental Toxicity 

Cardiac Sensitization 

90 Day Inhalation 





No observable effects at £0,000 ppm 
> 100,000 ppm (4 hr) 

> 50,000 ppm (4 hr) 

Practically non-toxic orally 

No Irritation 

No Irritation 


Not a Skin Sensitizer 


In Progress 


(continued) 


210 Industrial Solvents Handbook 


Table 3.64: (continued) 


Key Material Compatibilities with HFEs 


Compatible after one hour exposure at boiling temperature: Applications for HFEs 


Metals | Plastics Elastomers 
12 Асгуйс Natural Rubber 
оррет Polyethylene Butyl Rubber M 151 i 
| etals & Precision Cleanin 
Carbon Steel Polypropylene Nitrile Rubber E 
302 Stainless Steel Polycarbonate EPDM Electronics Cleaning 
Brass Polyester 


Zinc Nylon è Carrier Solvents 
Molybdenum Epoxy 


Tanta lum PMMA | . 
Titanium PVC e Drying Fluid 
Tungsten PET 


Cu/Be Alloy C172 ABS f . 
Magnesium Alloy AZ31B e Heat Transfer Fluid 


e Cleaning Solvents 


e $ , є 
Exceptions: Some swelling of PTFE and Silicone Rubber. Clean Extinguishing Agents 


Some surface oxidation of copper during heat aging. 





Cleaning Performance Using Pure HFE 


Percent Oil 









Removal by г 
Weight an 
и | 
B- = 
Halogenated Silicone Hydrocarbon 


Oil Oil Oil 


Test conditions: one minute immersion in boiling solvent with sonication followed by 
one minute vapor rinse. 

Halogenated Oil: Krytox 157FSM (DuPont) 

Silicone Oil: AK 350 (Wacker Chemie) 

Hydrocarbon Oil: Mobilmet Omicron 





Hydrofluoroethers 
A Family of New Fluorinated Solvents 


e Cover a Range of Boiling Points 


€ Effective Cleaning Agents 


e Good Materials Compatibility and High Stability 
€ Are Not Precursors to Photochemical Smog (VOCs ) 


e Have Zero Ozone Depletion Potential 
Short Atmospheric Lifetimes 

Ф Гоу Global Warming Potentials 

èe With Favorable Toxicity Results 


e Additional New Materials Under Development 





Nitroparaffins 


Table 4.1: Angus Nitroparaffins (34) 


Nitromethane CH,NO, 
CAS Registry No. 75-52-5 


Nitroethane CH,CH,NO, 
CAS Registry No. 79-24-3 


Specifications 


Purity, % Бу мл! (тЇп,)*................................ 
Total nitroparaffins, 96 by wt (min)* ................... 
Зрес#с дгамНу аі 25/25°С .......................... 
Acidity as acetic acid, 96 by wt (max) ................ 
М/ајег, % бу м (тах)................................ 
Соіюг, АРНА(тах).................................. 


“Determined by gas chromatography 


Typical Properties of Commercial-Grade Nitroparaffins 


Distiilation range at 1 atm (90% min), °C ............ 
Vapor density (аїг=1) .............................. 
Change of density with temperature, 0-50°C, 

ШЕШІ Са ара а от tee ава певана 
Weight per U.S. gallon at 68*F, Ib ................... 
Рјазћ ројп(, Тад ореп сир) Р ....................... 

Тад сіоѕеа сир, °Е...................... 
Lower limit of flammability, % by vol (at °C) .......... 
(апШоп (етрегаиге, "С ........................... , 
Evaporation rate (n-butyl acetate 100) ............. 
Evaporation number (diethyl ether=1).............. 


Physical Properties of the Nitroparaffins 


Molecular weight (сака) ............................ 
Boiling point at 760 mmHg, ^C ...................... 
Vapor pressure at 25*C, mmHg...................... 
Ггеехпо РОШ °С ...........- nene 
Оепаќу а 20"С,д/т! ............................... 
at 30°C, uu E" рас раннън 
Coefficient of expansion per?C ..................... 
Dar Роза рата: 

Некасйуе index, по, ак 20“С ........................ 
Ot SOC орки beo на 

Surtace tension at 20°C, дупез/ст .................. 
Мвсозку ај 20"С, ср ................................ 
GU SOG, СВ а ыы отамана наг 


1-Nitropropane CH,CH,CH,NO, 
CAS Registry No. 108-03-2 

2-Nitropropane CH,CH(NO,)CH, 
CAS Registry No. 79-46-9 


211 


Nitromethane Nitroethane 1-Nitropropane 
98.0 98.0 98.5 
99.0 99.0 99.0 
1.124-1.135 - — 
0.1 — 0.2 
0.1 0.2 0.1 
20 20 20 


Nitromethane Nitroethane 1-Nitropropane 
100-103 112-116 129-133 
2.11 2.58 3.06 
0.0014 0.0012 0.0011 
9.4 8.75 8.35 
112 106 120 
96 87 96 
7.393) 3.409) 2.294) 
418 414 420 
139 121 88 
9 11 16 

Nitromethane Nitroethane 1-Nitropropane 
61.041 75.068 89.095 
101.20 114.07 131.18 
36.66 20.93 10.23 
—28.55 —89.52 --103.99 
1.138 1.051 1.001 
1.124 1.039 0.991 
0.00122 0.00112 0.00101 
0.00068 0.00062 0.00056 
1.38188 1.39193 1.40160 
1.37738 1.38754 1.39755 
37.48 32.66 30.64 
0.647 0.677 0.844 
0.576 0.602 0.740 


2-Nitropropane 


96.0 
99.0 
0.1 
0.1 
20 


2-Nitropropane 


119-122 
3.06 


0.0011 
8.24 
100 


82 
2.527) 
428 
110 
10 


2-Nitropropane 


89.095 
120.25 
18.0 
—91.32 
0.988 
0.977 
0.00104 
0.00058 
1.39439 
1.39028 
29.87 
0.770 
0.677 
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Table 4.1: (continued) 


Physical Properties of the Nitroparaffins 


Nitromethane 
Heat of combustion (liq) at 25°C, kcal/mole......... —169.3 
Heat of vaporization (lig.) at 25°C, kcal/mole ......... 9.147 
at bp, kcal/mole ........... 8.23 
Heat of formation (liq) at 25°C, kcal/mole ......... —27.03 
Specific heat at 25*C, cal/(mole-?C) .................. 25.33 
а 25"С, са (а С) ..................... 0.415 
Dielectric constant at 3O?C .......................... 35.87 
Dipole moment, 4, gas, Debye units ................. 3.50 
liquid, Debye units ............... 3.17 
Адиоеоиѕ ағеоїгоре, бр, °С .......................... 83.59 
% МР Бу мі ...................... 76.4 
pH of 0.01M aqueous solution ...................... 6.4 
Solubility in water at 20°C, 96 by wt .................. 10.5 
21 25°С, % Бу мі .................. 11.1 
at 70°C, % by wt .................. 19.3 
Solubility of water in NP at 20°C, 96 by wt............ 18 
аї 25°С, % Бумі............ 2.1 
at 70?C, 96 by wt ............ 7.6 
Hydrogen bonding parameter, v ..... а аи а тоа a 2.5 
Solubility parameter, 8 .............................. 12.7 
Table 4.2: Angus Nitro Alcohols (34) 
(TRIS NITRO’) 
| НОН 
HOCH, TUN H4OH 
NO; 


2-Nitro-2-hydroxymethyt-1,3-propanediol or 
Tris (hydroxymethyl)nitromethane 
[CAS Reg. No. 126-11-4] 


(NMP") 
H3 


зась 
МО, 


2-Nitro-2-methy!-1-propanol 
[CAS Reg. No. 76-39-1] 


(NB) 
H 


Nitroethane 
—325.6 
9.94 
9.08 
—33.9 
33.10 
0.441 
28.06 
3.58 
3.19 
87.22 
71.0 
6.0 
4.6 
4.7 
6.6 
0.9 
1.1 
3.0 
2.5 
11.1 


1-Nitropropane 


—481.9 
10.37 
9.19 
—40.15 
41.96 
0.471 
23.24 
3.72 
91.63 
63.5 
60 

1.5 


(МЕРО“) 
CH,CH, 


NO, 
2-Nitro-2-ethyl-1,3-propanediol 


[CAS Reg. No. 597-09-1] 


2-Nitro-2-methyl- 1,3-propanediol 
[CAS Reg. No. 77-49-6] 


| 
а 


мо, 
2-Nitro-1-butanol 


[CAS Reg. No. 609-31-4] 


(NMPD") 


CH; 


NO, 


2-Nitropropane 


—478.0 
9.88 
8.79 
—43.2 
41.87 
0.470 
25.52 
3.73 
88.55 
70.6 
6.2 

1.7 

1.7 

23 
0.5 
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Table 4.2: (continued) 


Product Specifications* 





ES Metting ~ Water % Free Formaldehyde — i%bywt. ___ 
Pt.,'C |. By wt. 96 by wt. Ag. Solution 

SolidForm (Мп) (Mex) | | (Mex) pH _ Color (max.) 

NMP (pellets) t 86-90 0.5 0.06 М М - = 

TRIS NITRO (solid) - | E - и 20-50 5 багдпег 


t 23.5096 (min) by wt. of bound formaldehyde, 1.596 (max.) by wt of stearic acid. 








Assay, 96 by Free Formaldehyde pH, 2096 by wt. Color, 
Aqueous Solutions wt. (min.) 96 by wt. (max.) Aq. Solution Gardner, (max.) 
TRIS NITRO 2596 25.0 1.0 2.0 - 5.0 
TRIS NITRO 37.5% 37.5 1.0 == = 
TRIS NITRO 50% 50.0 1.0 2.0-4.5 5 
NEPD Aqueous 55.0 1.0 2.0 - 5.0 5 
NMP Concentrate 60.0 0.5 2.5 - 5.1 1 


* Test methods available upon request 


Physical Properties of Purified Materials 








NMP NMPD NEPD _ МВ TRIS NITRO 
Molecular weight (calc) 119.12 135.12 149.15 119.12 151.12 
Melting point, °C 90 4,160 4,150 -47 --48 175-176 decomp. 
Boiling pt., ^C at 10 mmHg — decomp. decomp. 105 = 
at 15 mmHg 94 — — — 

pH of 0.1 M soln at 20°C 5.1 5.4 5.5 4.5 5.0 
Density at 25°C, g/mL -- — - 1.129 = 
Wt per gallon, Ib at 68°F — — — 9.43 = 
Coefficient of expansion - — — 0.00076 == 

per °C ши 
Refractive index, ng — — — 1.444 - 

at 20°C 
Surface tension at — -- — 37.7 = 

20°C dynes/cm 
Solubility in 100 mL 350 80 400 54 220 

of water at 20°C (а) 


Table 4.3: Angus Primary Amino Alcohols (34) 


AB® АМРО“ 
2-Amino-1-butanol 2-Amino-2-methyl-1,3-propanediol 
CAS Registry No. 96-20-8 CAS Registry No. 115-69-5 
кнн Сн, 
| 
NH, A 
NH, 
AMP AEPD® Tris AMINO® 
2-Amino-2-methyl-1-propanol 2-Amino-2-ethyl-1,3-propanediol Tris(hydroxymethyl)aminomethane 
CAS Registry No. 124-68-5 CAS Registry No. 115-70-8 CAS Registry No. 77-86-1 
Ге CH,CH; ри 
| 
мем НОСН--С-СН,ОН EEE 
| 
NH, NH, NH, 
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Table 4.3: (continued) 


Typical Properties 


2-Amino-2-methyi- 2-Amino-  2-Amino-2-ethy-  2-Amino-2-methyl- — Tris(hydroxymethyl)- 


1-propanol 1-butanoi  1,3-propanediol 1,3-propanedioi aminomethane 
шаа == шс“ ЗАМЕНЫ AB = = REED АПР. 





АМР AMP-95* AB AEPD AMPD TRIS AMINO 
Regular? Crystals 
Neutral Equivalent 88.5-91 93-97 88.5-91 124 (тах.) 103-107 121-122 
Water, % by wt. (max.) 0.8 5.8 0.5 3.8 0.5 0.5 
Melting point, °C (min.) — -- — — 100 160 
Color (max.) 20 АРНА 20 АРНА 100 АРНА — me == 
Color of 20% aqueous solution (max.) — -- -- 2 Gardner 50 APHA 40 APHA 





Physical Properties of Purified Materials 


2-Amino-2-methy!- 2-Amino- 2-Amino-2-ethyl- 2-Amino-2-methyl- Tris(hydroxymethyl)- 






































1-ргорапо! 1-butanol 1,3-propanediol 1,3-propanediol aminomethane 

Molecular weight (calcd.) 89.14 89.14 119.17 105.14 121.14 

Boiling point at 760 mm Hg, °C 165 178 — "es oc 

Boiling point at 10 mm Hg, °C — — 152-153 151-152 219-220 

Melting point, °C 30-31 -2 37.5-38.5 109-111 171-172 

Specific gravity at 40/40°C 0.928 — 1.101 — == 

pH of 0.1M aqueous solution at 20°C 11.3 11.1 10.8 10.8 10.4 

Solubility in water at 20°C, g/100 mL miscible miscible miscible 250 80 

Weight per gallon at 20°C, Ib 7.78 7.86 9.15 = т 

рК, а! 25°С 9.72 9.52 8.80 8.76 8.03 

Additional Properties of AMP 

AMP Regular AMP-95 

Viscosity at 10°C, cps -- 561 

25°C, cps — 147 
30°C, cps 102 = 
50°C, cps 24 — 
70°C, cps 9 = 
90°C, cps 4 — 

Vapor pressure at 100°C, mm Hg 59 x 

1509C, mm Hg 457 = 

Specific gravity at 25/25°C — 0.942 

Coefficient of expansion per 9C 0.00095 0.00096 

Refractive index, np, at 20°C 1.449 — 

Heat of vaporization at 110°C, kcal/mole 13.2 | — 
130°C, kcal/mole 12.5 = 
150°C, kcal/mole 12.3 — 
165°C, kcal/mole 12.1 — 

Heat of dissociation at 25°C, kcal/mole 1.29 — 


Table 4.4: Angus DMAMP-80 (34) 


80% 2-Dimethylamino-2-Methyl-1-Propanol Solution CAS Reg. No. 7005-47-2 


2-Dimethylamino-2-methyl-1-propanol, a member of the family of Angus amino alcohols, is the tertiary-amine 
homolog of 2-amino-2-methyl-1-propanol (AMP). 2-Dimethylamino-2-methyl-1-propanol is available as 
DMAMP-80 which contains about 20% by weight water. 


(continued) 


Table 4.4: (continued) 


Typical Properties 


The following are typical properties of DMAMP-80; they are 
not to be considered product specifications. 


№еџїга! Едиімаіепї. . ............................. --148 
Specific Gravily @ 25/25°С........................ 0.95 
Weight per Gallon @ 25“С ........................ 7.9 Ib 
Flash Point, Tag Open Cup...............-... 150°F/66°C 

Tag Closed Cup ................. 153°F/67°C 
ггеелгіпо ОП; орала зек ла Ра ЫЗ ~ 4°F/— 20°C 
Boiling point @ 760 тт На ................ 208°F/--98°C 
Viscosity @ 25“С, Сагбпег ........................ А-А, 
pH of 0.1 М Адџеоџ5 Зоџћоп ...................... 11.6 


Table 4.5: Industrial Amines Ranked in Order of Decreasing Base Strength (34) 


_________Апу)пе __________ 
Cyclohexylamine 


Triethylamine 
Diethylaminoethanol (DEAE) 
- AMINOMETHYLPROPANOL (AMP-957«) 
> AMINOBUTANOL (AB™) 
Monoethanolamine (MEA) 
Monoisopropanolamine (MIPA) 
Dimethylethanolamine (DMEA) 
Ammonia (29.496) 
Diethanolamine (DEA) 
> AMINOETHYLPROPANEDIOL (AEPD®) 
> AMINOMETHYLPROPANEDIOL (AMPD™) 
Diisopropanolamine (DIPA) 
Morpholine 


+ TRIS(HYDROXYMETHYL)AMINO- 
METHANE (TRIS AMINO®) 


Tnisopropanolamine (TIPA) 
Triethanolamine (ТЕА) 
* Cleveland Open Cup 


* Tag Closed Cup 
! 10 mm Hg 


Table 4.6: Comparing Amines for Safety (34) 


AMP 


pKa Molecular 


Acute Oral Acute Skin Eye 
LD., Penetration injury 


LD, Rabbits 
—___ (бара) ФД) Hequied . 


10.79 99 
10.74 101 
9.87 117 
9.82 89 
9.52 89 
9.44 61 
9.40 75 
9.31 89 
9.24 17 
8.88 105 
8.80 119 
8.76 105 
8.70 133 
8.43 87 
8.03 121 
7.86 191 
7.77 149 
Primary 
Skin 
Irritatlon 


2.9 g/kg No deaths Severe 


(Rats) at 2 g/kg 


Monoethanolamine 2.1 g/kg 1.0 с/ка Severe 

(MEA) (Rats) 

Diethylaminoethano! 1.4 gkg X 1.26g/kg Severe 

(DEAE) (Rats) 

Dimethytaminoethanol 1.3 gkg 1.37 g/kg Severe 

(DMAE) (Rats) 

Morpholine 1.0 с/ка 0.5 с/ка беуеге 
(Rats) 

Triethylamine 0.46 g/kg 0.42 g/kg Severe 
(Rats) 

Triethanolamine 8.7 gkg 225 ажа Severe 


(Rats) Killed 0 of 5 


Severe 


Corrosive 


Severe 


Severe 


Corrosive 


Trace 


Minor 


Vapor 


Pressure | Роіпі "С 
(20 C) — Weight (mmHg) Паш!) СЕСОС) 


95 
57 
1.0 
0.7 
1.0 
0.36 
0.6 
4.0 
357 
«0.01 
«0.01 
«0.01 
0.02 
10.08 


«0.01 
0.0008 
«0.01 


Threshold 
Limit 


None Est. 


3 PPM 


10 PPM 


None Est. 


20 PPM 


25 PPM 


None Est. 


* Combustible Materiais Require Placarding Only For Buik Shipments. 


Bolling Flash 
Point 
135 90 
90 20 
163 140 
165 172 
178 193? 
171 195 
160 165 
134 105 
N/A — 
269 300 
153? >200 
152? N/A 
250 250 
129 100 
220° N/A 
305 320 
335 365 
Flash Point DOT 
(Tag Hazard 
Closed Label 
1729 Мопе 
(Combustible)* 
185°F Corrosive 
140°F None 
(Combustible)* 
105°F None 
(Combustible)* 
95°F Flammable 
17°F Flammable 
>200°F None 
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Table 4.7: NIPAR 640 (34) 


Typical Properties of МІРАВ 640 


Distillation range at 760 mmHg (9096 min), ^C 


Freezing point, °C 
Vapor pressure at 20°C, mmHg 
Density of Vapors (air=1) (calcd) 
Specific gravity at 20/20°C 
Weight per U.S. gallon at 20°C, ib 
Coefficient of expansion per °C 
Flash point, Tag closed cup, °F 
Evaporation rate, by vol 
(n-butyl acetate=100) 
Solubility in water at 20°C, % by wt 


ee eee et 8 9 «& 8 3 NW 9$ 9 # а à 9 + + 4 * à ev " 9 ө з оу lll rll rl rll el kl kl à 5? 4 » 
* * 9 4 о 9 э т 4 9 P 9 B b B њф • п ^ à B а b Ww а з о ч а 4 $ M э VW 
чо о» оо * 9 9 4 9 9 топ B bh v 9 е э € е п 9 а а а а $ 59 а 
5 • 9» 9" 9? 9» 9 9 9" 9 9 €9 ө а э 9 9 а а b * b 9 9 9 и & 9 € а * 9» 9» а т 
ооо 4 $ b b $ э э 9 е 9? ә $9 9" » $ 9 *? 9 * W * 9 п 
9 аз че а са € 9 а зз 9? 4 6 9 * & з т 4 9» *" 9» » ө э ет э э 
б + аа ро о» о 5 аа ва 9 а 9 9 а «э «в оп э а а «ч я ө «е 


". а а 9 а а а © ® 9 ө э э а а е 9 о 9 4 "Y 9 9 Wo $9 э ө 9 * Ф €9 ^ ө з э э э 


9 9 * 9 h € B b à B W B а 9$ 9 а © €* а 9 9 9? 9» b 9 9 à 8 4 


see eae 


Specifications 
У 112-133  Nitroethane, 96 by wt ................ 35-40 
~-100 1-Nitropropane, % by wt............. 60-65 
13 Total nitroparaftin content 
% Бум/(тіп)........................ 99.0 
2.6-3.0 маіег, % бумї (тах.).................. 0.15 
^. 1.01 ЊСоог АРНА (тах) ..................... 20 
^ 8.4 
0.001 
94 
100 
2.6 


Azeotropes of NiPAR 640 Components 
(Nitroethane and 1-Nitropropane) 


Azeotrope with Nitroethane 


Weight 96 
Component "A" 


Boiling 
Point, °C 


100.0 
78.3 
97.2 
82.4 

117.8 
99.5 

108.0 
82.4 

138.2 

131.9 


Component “A” 


Water 
Ethyl Alcohol! 
n-Propyl alcohol 
Isopropyl! alcoho! 
n-Butyl alcohol 
sec-Butyl alcohol 
isobutyl alcohol 
t-Butyl alcohol 
Amyl aicohol 
isoamyl alcohoi 
Ethylene glycol 
monoethy! ether 
n-Heptane 
n-Nonane 
Toluene 
Ethylbenzene 
o-Xylene 
Ethyl butyrate 
Ethyl isobutyrate 
Isobutyl acetate 
Ethylene glycol 
monomethyl ether 


135.1 

98.4 
150.8 
110.8 
136.2 
143.6 
121.5 
110.1 
117.4 


124.5 


28.5 
87.4 
68.2 
89.4 
45 
72.4 
60 
95.5 
17 
22 


72 


75 


27 
73 
40 


Azeotrope with 1-Nitropropane 


Weight % Boiling 
Component “A” Point, °C 


36.5 91.63 


96.95 
115.3 

99.4 
105.28 


Boiling 
Point, °C 


87.2 
78.0 
94.5 
81.8 
107.7 
97.2 
102.5 
82.2 
137.8 
112.0 


91.2 


67.8 
95.9 
84.8 


89.2 
106.2 


113.7 
108.5 
112.5 


— 





It is desirable that the optimum quantity of NIPAR 640 be used for each particular system. This optimum will vary 
from system to system, but normally it will fall in the range of 8% to 25% of the solvent blend. 


Dimethylformamide 
Ektasolve EM* 

NiPAR 640 

Ektasolve EE* 
Ektasolve EB* 
Isopropy! alcohol, 9996 
Isophorone 

Methyi ethyl ketone 
n-Butyl aicohol 

Methyl isobutyl ketone 
isobutyl alcohol 
Cyclohexanone 


*n-Butyl acetate = 100 





Resistivity, 
megohm 


Relative Evaporation 
Rate* 


0.02 
0.02 
0.03 
0.04 
0.05 
0.07 
0.07 
0.07 
0.08 
0.13 
0.15 
0.20 


*Trademark of Eastman Kodak Company 
(continued) 
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Table 4.7: (continued) 





Isocyanate Coating 
Improved Film Integrity Lower Resistivity 
23 
21 
o 
19 Е 
за Ө, 
БЕ? 5 
ЗЕ. 2 
Е” 2 
13 © 
а 
11 
0 0 
ќи va Це % кз! (by weight} Е 
ме! 
Заза вне умет! Isocyanate Coating 
=== 3% PM Acetate with Xylene 
This significant improvement in cure time and film == 3% Butylacetate with Xylene 


performance is best achieved when 3-6% (by weight) mnu 3% MEK with Xylene 


of the total solvent blend is replaced with NiPAR 640. 


NiPar 640 wiil provide the benefits of superior wetting, 
improved film integrity and improved cure time while 
enhancing electrostatic spray performance through its 
contribution to optimum resistivity of the coating. 


Specific Gravities of Nitromethane-Methanol Fuel Mixtures (34) 


0.82 


о 
. 

со 
л 


Specific Gravity by Hydrometer Calibrated at 60°F 
о 
© 
c 


0.87 





50 60 70 BO 90 
Temperature, ?F 
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Table 4.8: COMSOL 101-X (34) 


Typical Properties of COMSOL 101-X 


Distillation range at 1013 hPa 


(90: рта је О чжи аз кен иаа» 112-116 
Ғгеегіпа роіп,9С............................... - 89.5 
Уароиг деп5іу (аїг = 1) .......................... 2.58 
Зрестс агамћу а 25/25 0 ..................... 1.045 
Change of density with 

temperature, 0-50 ФС, алги! х 90)............ 0.0012 
Flash point, Tag closed cup, °C.................... 31 
Lower limit of flammability, 

% Бу мої: (4,30 °С)... узуы атна вири 3.4 
ап оп іетрегашиге, 9С........................... 414 
Evaporation rate, by vol. 

(n-butyl acetate = 100) .......................... 121 
Evaporation number 

(бїеїу! е!һег == 1)............5-555.-................. 11 
Solubility parameter, б.............................. 11 
Hydrogen bonding parameter, ү................... 2.5 
Solubility in water at 20 С, 96 by wt........ e: 4.6 


Improved Film Integrity 


Film Hardness 
(Sward) 
— — 
со сл ч Ф = o 


— 
— 


о 


2% 4% 6% 
COMSOL (by weight) 


Isocyanate Coating 
Lower Resistivity 


Resistivity Megohms 





COMSOL (by weight) 
isocyanate Coating 


жами З % PM Acetate with Xylene 
ни ви 3 % Butylacetate with Xylene 
мин 3 % MEK with Xylene (continued) 
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Table 4.8: (continued) 
VISCOSITY OF VINYL RESIN SOLUTIONS 


VISCOSITY: CENTIPOISE - 


69 

69 
59 

50 
49 | 

Ба ° 

30 

30 
20 S 

20 
10 

10 


р 


| 


50 60 70 80 
15 g of Bakelite VYHH (D) in 100 ml solvent 
A = methyl ethyl ketone C= NiPar S-20™ Ни T = 27 е = 
B = COMSOL 101-X D = methyl isobutyl ketone 8 g of Bakelite V YNS-3 (D) in 100 ml solvent 


TOLUENE; PERCENT BY VOLUME 


VISCOSITY OF ACRYLIC RESIN SOLUTIONS 


550 






500 500 


400 Boso, MN 


300 


А 7 methyl ethyl ketone 

B - COMSOL 101-X 

C = NiPar S-30™ 

D = methyl isobutyl ketone 
E = n-butyl acetate 


> 


A 
Un 
о 


\ 


350 


200 200 
^ icri i 
20 40 60 80 20 40 60 80 
50 g Acryloid B-66 in 100 ml solvent 50 g Acryloid B-72 (A) in 100 ml solvent 


TOLUENE; PERCENT BY VOLUME 
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Table 4.9: COMSOL 280 (34) 


SPECIFICATIONS 

Nitromethane, % эм. ......................... 75 - 85 
1-Мигоргорапе, 96 МИ. ........... 15 - 25 
2-Nitropropane, % wt. (max.) ........... 0.1 
Total nitroparaffins, % wt. (min.) ...... 99 
Water, 9o wt. (max.) ......................... 0.2 
Colour, APHA (max.)........................ 80 


AZEOTROPES OF COMSOL 280 COMPONENTS 


Azeoptrope Azeotrope 
. with Мигоетаве | | мів 1-Мигоргорате _ 
COMPONENT „A“ B. P. Wt. % B. P. Wt. % B. P. 
(°C) Comp. ,,A“ (°C) Сотр. „А“ (°C) 

Water 100.0 28.5 87.2 36.5 91.63 
Ethyl! alcohol 78.3 87.4 78.0 - - 
n-Propy! alcohol 97.2 68.2 94.5 91.2 96.95 
Isoproyl alcohol 82.4 89.4 81.8 - - 
n-Butyl alcohol 117.8 45.0 107.7 67.8 115.30 
sec-Butyl alcohol 99.5 72.4 97.2 95.9 99.40 
Isobuty! alcohol 108.0 60.0 102.5 84.8 105.28 
t-.Butyl alcohol 82.4 95.5 82.2 - - 
Amy] alcohol 138.2 с 17.0 с 37.8 - - 
[soamyl alcohol 131.9 22.0 112.0 - - 
Ethylene glycol monoethyl ether 135.1 - - 26.1 128.30 
n-Heptane 98.4 72.0 89.2 85.8 94.60 
n-Nonane 150.8 - - 36.4 126.20 
Toluene 110.8 75.0 106.2 - - 
Ethylbenzene 136.2 - - 41.0 127.50 
o-Xylene 143.6 - - 15.0 130.90 
Ethyl butyrate 121.5 «27.0 113.7 - - 
Etyl isobutyrate 110.1 73.0 108.5 - - 
[sobutyl acetate 117.4 40.0 112.5 - - 
Ethylene glycol monomethyl ether 124.5 - - 58.7 121.40 


B.P. = Boiling Point 


Table 4.10: COMSOL 820 (34) 
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PRODUCT SPECIFICATIONS 

Total Nitroparaffins, % wt. 99.0 min. 

Specific gravity, 25/25 °C 1.001 - 1.009 

Water, % wt. 0.2 max. 

Colour, APHA 80 max. 

TOXICITY DATA 

Skin irritation, Draize test non-irritating 

Eye irritation, Draize test non-irritating 

Mutagenicity due to the composition of the product no 
mutagenic effects must be expected. 

Sensitization, 


LANDSTEINER & JACOBS (guinea pig): 


non-sensitizing 


Lower limits of flammability of some sol- 
vents (% by volume in air) 


Methyl isobutyl ketone............................... 0.9 
XV lene. accuse ie Eie trien E ERE 1.0 
(jur арыдан ааа ыы 1.27 
п-Вшуі асеізіе.........................м..1........ 1.7 
Methyl ethyl ketone................................... 1.7 
У пој ЛЕВИ HÀ 2.15 
Ethylene glycol monoethy! ether ............... 2.6 
Flash point, °C (TCC) 

АСеЮЛе нин бинаа ныннан -19 
Idi Ecc —  — ] -4 
Methyl ethyl ketone................................... -14 
Тов eoo cede eina eats 6 
Methyl isobutyl ketone.............................. 14 
Isobutyl acetate...................... eene enne 18 
D EE o RE E но е 25 
COMSOL 820. а 30.5 
Сусіюһехапопе..................1..1...........-. 44 


Organic Sulfur Compounds 


Table 5.1: Carbon Disulfide (2) 


Chemical Names: Carbon Disulfide, Carbon Bisulfide 
Common Names: Carbon Disulfide, Carbon Bisulfide 
Formula: CS: 


PROPERTIES 


Grades: Commercial or Technical, and USP 
Important Physical and Chemical Properties 


Physical State: Liquid. 
Color: Clear, colorless liquid. 
Odor: Almost odorless when pure; the commercial grade has a strong 
disagreeable odor, due to presence of sulfur compounds. 
Specific Gravity at 20° C/4° C (68° F/39° F) (Water = 1): 1.263 
Vapor Density (Air = 1): 2.63 
Boiling Point (760 mm): 46.3? C (115? F) 
Melting Point: —108.6? C (—163? F) 
Flash Point (closed cup): —30° C (—22? F) 
Explosive Limits (per cent by volume in air): 1 to 50 
Ignition Temperature: 100? C (212? F) 
Corrosive: Commercial grade slightly corrosive to some metals due to 
impurities. 
Dangerously Reactive: No. However, it has an extremely low ignition 
temperature. 
Hygroscopic: No. 
Light Sensitive: Turns yellow when exposed to sunlight. 


VAPOR PRESSURE OF CARBON DISULFIDE 


TEMPERATURE 





VAPOR PRESSURE 
MM MERCURY 


-— 





0.68 
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Table 5.2: Typical DMSO Properties (36) 


Auto ignition temperature in air 300-302%С (572-575%Ғ) Heat capacity (liq.), 25°C 0.47 сайд/ С) 


Boiling point (1 atmosphere) 189°C (372°F) Heat capacity (ideal gas) Ср(Г“К) = 6.944+5.6x10°T 


Coefficient of expansion -0.227x10*T 





Conductivity (Electrical) 





Heat of combustion 6054 cal/g 
20°C Зх10“ (онт" ст") Heat of fusion 41.3 cal/g 
80°С 7х10* (обт ст") Heat of solution in water at 25°C -54 cal/gG« dilution 


Critical heat flux 1.3x10* Btu/hr x ft? Heat of vaporization at 70°C 11.3 kcal/mol (260 Btu/lb) 


(4.10x 10° J/s/m’) Henry's constant @ 21°C 991000 


Critical molar volume 2.38x10 “m? Molar freezing point constant 4.07*C/mol 
Critical Pressure 56.3 atm. abs. Molar volume 71.2 ст'/дт 
Critical temperature 447°C (837°F) Molecular weight 78.13 


Density, at 2S°C (see Figure 3) 1.0955 g/cm? 









Dielectric constant, 1MHz 


Refactive index No@25°C 1.4768 


Solubility parameters 


Diffusion coefficient 9.0x10* cm/sec. Hansen's 
Dipole moment, D 4.3 Dispersion 9.0 (caU/cm?)'? 
Evaporation rate index @ 25°C Polar 8.0 (caU/cm?)? 
| Relative to n-butyl acetate 0.026 Hydrogen bonding 5.0 (cal/cm?)'? 
Relative to diethylether 0.0005 Hildebrand's 13.0 (са/ствуг 


Flammability timits in air Specific heat at 29.5°C 0.47 € 0.015 cal/g^C 





lower (100°C) 3-3.5% by volume Surface tension at 20°C 43.53 дупеуст 
Flash point (closed cup) 89°C (192°F) Log octanol-water partition coefficient -1.35 


gzz  зриподшоу тДпв о1и084) 


Freezing point 18.55°C (65.4°F) 
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Table 5.3: Vapor Pressure vs. Temperature for DMSO (36) 
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TEMPERATURE, °C 


Table 5.4: Specific Gravity of DMSO as a Function of Temperature (36) 


Temperature (°C) Specific gravity (g/cm) 























200 
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Table 5.6: Comparative Hygroscopicities of DMSO at Various Relative Humidities at 22°C (36) 


TIME, days 





40 80 120 160 
WEIGHT INCREASE, grams H,0/100 grams DMSO 


Table 5.7: Initial Sorption Rates of DMSO at Various Relative Humidities at 22°C (36) 


SORPTION КАТЕ, mg H,O/cm?/hr 
һә 


20 40 60 80 
RELATIVE HUMIDITY, % 


Table 5.8: Freezing Temperatures for DMSO—Solvent Binary System (36) 


TEMPERATURE, °C 


1 DMSO-METHYL ETHYL KETONE 
2 DMSO-ETHANOL 

3 DMSO-MONOETHYLENEGLYCOL 
4 DMSO-CHLOROFORM 

5 DMSO-PARAXYLENE 





DMSO, weight % 


226 


Industrial Solvents Handbook 


Table 5.9: Freezing Point for DMSO—Water Solutions (36) 


TEMPERATURE, °C 
18 


6 7 8 9 


WEIGHT % WATER 


Table 5.10: Freezing Point Curves for DMSO—Water Solutions (36) 





ЕК 










Тетрегатиге, С 
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ttt 






в 
ЕЕЕ ЕЕЕ 
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нн ге, С 





75 оо о 


wt % DMSO 


Table 5.11: Heat of Mixing of DMSO—H,O System at 22°C (36) 


CALORIE/100 GRAM SOLUTION 


1200 





Т 


ИНА 


WEIGHT % DMSO 


02 04 


LM LLLI 
ДОРА 





wt % Water 







\ 





1441-9) 


ОБ 
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Table 5.12: Specific Gravity of DMSO—Water Solutions (35) 


SPECIFIC GRAVITY, g/cm? 





WEIGHT % DMSO 


Table 5.13: Viscosity of DMSO—Water Solutions (36) 


VISCOSITY, centipoise 
No 





WEIGHT % DMSO 


Table 5.14: Results of Reflux of DMSO for 24 Hours with Various Compounds (35) 




















COMPOUND (100g) REFLUX DMSO RECOVERED % DECOMPOSITION PRODUCTS, 

IN 300g DMSO TEMP.,°C % OF ORIGINAL рм5» DMDS® BMTM® HCHO MM® 
NaOH 185-1409 93.7 63 31 - 5 ЕЕ 

Ма, СО, 190 96.3 - 14 EE = = 
мас! 190 98.7 - 15 - а = 
NaCN 148-1640 100.0 = ES un = m 
NaOAc 182-187 97.0 22 33 8 20 - 
Ма,50, 181-1489 85.4 66 - - - 11 
DMSO ONLY 189 98.0 15 30 30 = = 


(a) Dimethyl sulfide 

(5) Dimethyl disulfide 

(c) Bis(methylthio) methane 

(d) Methyl mercaptan 

(e) Reflux temperature decreased from 185°C to 140°C over the first 16 hours. 

(f) Reflux temperature was 148°C for 20 hours; increased to 164°C during the last 4 hours. 
(g) Reflux temperature decreased gradually from 181°C to 148°C. 
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Table 5.15: Thermal Stability of DMSO (36) 


10 












































DECOMPOSITION RATE, percent/day 
о 

















100 120 140 160 180 200 


TEMPERATURE, °C 


Table 5.16: Refluxing of DMSO and Mixtures for Shorter Periods (36) 














COMPOSITION OF REFLUX TIME | .. ORGANIC PRODUCT COMPOSITION % 
SAMPLE PARTS TEMP,°C HR. DMSO DMS DMDS BMTM 
10 DMSO:1 HO 152 5 100 0 0 0 
15 99.7 0.15 0 0.15 
60 DMSO: 
5H,0:1 NaOH 155 5 99.8 0.1 0.1 0 
8 99.3 0.6 0.1 0 
60 DMSO:12 H,O 
1 NaHCO, 131 6 99.9 0.1 0 0 
12 99.8 0.2 0 0 
DMSO ONLY 191 5 99.8 0.1 0.1 0 
9 99.1 0.2 02 0.5 
16 99.0 0.2 02 0.6 





Table 5.17: Effect of Heating DMSO with Concentrated Acids (36) 
(200g DMSO WITH 20g OF CONCENTRATED ACID) 























ACID CONC. TEMP., TIME, DMSO % OF DECOMPOSITION PRO 
°C MIN. LEFT % DMs” DMDS» HCHO 

H,SO, 36N 100 15 99 100 

30 99 100 

120 98 100 
H,SO, 36N 125 15 86 7 93 

150 86 7 93 

210 80 10 90 
H,PO, 8596 100 15 92 25 75 

30 89 45 55 

45 89 45 55 

60 87 46 54 

120 87 46 54 

150 86 50 50 SOME 
H,PO, 8596 125 15 84 25 75 

60 82 33 67 

150 82 33 67 
HCl 12М 95 15 99 100 

30 99 100 

60 99 100 

120 98 100 
HCI 12м 115 15 93 100 

30 92 100 

45 87 100 

60 87 100 

120 87 100 SOME 





(a) Dimethyi Sulfide 
(b) Dimethy! Disulfide 


Material 


Acetic acid 
Acetone 
Acrawax 
Acrawax В 
Aniline 
Anthracene 
Beeswax 
Benzene 
Benzidine 
Benzidine methane 
sulfonate 
Bromoethane 
Butenes 
n-Butyl acetate 
Butly carbitol 
Calcium methyl 
sulfonate 
Camphor 
Candelilla wax 
Carbon 
Carbon disulfide 
Carbon tetrachloride 
Carbowax 600 
Carbowax 6000 
Carnauba wax 
Castor oil 
Ceresin wax 
Chloroform 
Chlorosulfonic acid 
Citric acid 
Coconut oil 


Cresylic acid 
Cumene 
Cyclohexane 
Cyclohexene 
Cyclohexylamine 


Decalin 
n-Decane 
Di-n-butylamine 
o-Dichlorobenzene 
p-Dichlorobenzene 
SDichlorodiphenyl- 
trichloroethane 
Dicyandiamide 
Dicyclohexylamine 
Diethanolamine 
Diethylamine 
Diethyl ether 


bis-(2-ethylhexyl)amine 


Diethyl sulfide 
Di-isobutyl carbinol 
Di-isobutylene 


Disopropyl ether 
Dimethyl ether 
Dimethyl formamide 
Dimethyl sulfide 
Dimethyl sulfone 
Dioxane 
Diphenyl 
Dipentene 
Dodecanol 
n-Dodecane 
Dodecylbenzene 
(Neolene 400) 


Solubility 
Grams/100 cc DMSO 
20-30°C 90-100°C 


Miscible - 
Miscible - 
< 1 > 1 
Insol. 4 
Miscible - 
2 2 
- « 1 
Miscible - 
Soluble - 


Insol. 
Miscible 
2.1 
Miscible 
Miscible 


Soluble 
Soluble Soluble 
< 1 
Insol. 

90 

Miscible 

Miscibie 


Insol. 8 


Miscible 
<1 
Miscible 
Reacts 
> 70 
0.3 1.3 
Misc.-160°C 
Miscible 
Miscible 
4.67 
Miscible 
Miscible 


4.5 

0.7 

11 

Miscible 
Very Soluble 


4 100 
40 
4.5 
Miscible 
Miscible 
Miscible 
0.7 
Miscible 
Miscible 
3.3 (0.696 DMSO soluble in 
di-isobutylene) 
11 
4.4 
Miscible 
Miscible 
33.9 Miscible 
Miscible 
Very soluble 
10 
»100 
0.38 


3.5 


Table 5.18: Solubility of Organic Materials in DMSO (36) 


Material 


Dyes 
Burnt Sugar 
FD&C Blue 
Pistachio Green B 
1-Eicosanol 
Ethyl benzoate 
Ethyl alcohol 
Ethyl bromide 
Ethyl ether 
Ethylene dichloride 
Formalin (37%) 
Formamide 
Formic acid 
Glucose 
Glycerine 
Glycine 
Hexane 
4-Hydroxy benzoic 
acid 
Hy-Wax 120 
imidazole 
Isophthalic acid 
isoprene 
Kerosene 
Lanolin, hydrated 
(Lanette 0) 


Laury! amide 
(Armid 12) 
Linear alcohols 
Lorol 5 
Lubricating oil 
Methionine 
Methyl borate 
Methyl caprate 
Methyl iodide 
Methy! isobutyl 
ketone 
Methyl laurate 
Methyl mercaptan 
N-methyl morpholine 
Methyl! palmitate 


Methyl salicylate 
Methyl sulfonic acid 
Methylene chloride 
Microcrystalline wax 
Morpholine 
Naphthalene 
Neoprene 
Nitrobenzene 

Oleic acid 

Ouricuri wax 

Oxalic acid 

Palmitic acid 
Paraffin 
Paraformaldehyde 


Paradichlorobenzene 
Pentaerythritol 
n-Pentane 

Pentene 1&2 
Perchloric acid 
Petroleum ether 
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Solubility 
Grams/100 cc DMSO 


20-30°C 


Soluble 
Soluble 
Soluble 
Insol. 
Miscible 
Miscible 
Miscible 
Miscible 
Miscible 
Miscible 
Miscible 
Miscible 
54 
Miscible 
« 0.05 
2.9 


24 


80 

68 
Miscible 
0.5 


10 
Miscible 
Miscible 
0.4 
0.1 
Miscible 


Miscible 


Miscible 
7 


40 (Reacts) 


Miscible 


Immiscible 


Miscible 
Miscible 
Miscible 


Miscible 
40 

Insol. 
Miscible 
Miscible 


38 

100 
Insoluble 
Insoluble 


56 
5-10 
0.35 
7.1 


Reacts violently 


90-100°C 


Reacts 


0.1 


с 1 


76 


11 (gets 
cold) 


> 20 


0.3 
Miscible 
Reacts 


Miscible 


Misc. 130- 
180°C 


< 1 


Miscible 
Inse! 


Slightly 
soluble 


30 


3 (DMSO soluble 0.3-0.5% 
in petroleum ether) 


( -ацпиед) 
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Table 5.18: 


Table 5.19: 


(continued) 


Material 


Phenol! 

Phosphoric acid 
Phosphorus trichloride 
Phthalic acid 

Picric acid 

Pyridine 

Pyrogalloi 

Rosin 

Rosin soap 


(Hercules Dresinate X) 


Sevin 

Silicon tetrachloride 
Sorbitan sesquioleate 
Sorbitan trioleate 
Sorbitol 

Soybean oil 

Starch, soluble 
Stearic acid 

Succinic acid 

Sugar (sucrose) 
Sulfamic acid 
Sulfuric acid 


Solubility 
Grams/100 cc DMSO 
20-30°C 90-100°C 


>100 

Miscible 

Reacts vigorously 
90 

Soluble 

Miscible 

50 

> 100 

Slightly soluble 0.9 


50 
Reacts vigorously 
2.5 
Miscible 
60 > 180 
0.6 
>2 
2 Miscible 
30 
30 100 
40 
Miscible 


Material 


Tallow 

Tallow amide, 

hydrogenated 
(Armour Armide HT) 

Terephthalic acid 

Tetrahydrophthalic 
anhydride 

Tetralin 

Tetrapropylene 

Thiourea 

Toluene 

Toluene di-isocyanate 

Tributylamine 

Tricresyl phosphate 

Triethanolamine 
laurylsulfate 

Triethanolamine 

Triethylamine 

Trinitrotoluene 

Turpentine 

Urea 

Xylene 


Solubility of Resins and Polymers in DMSO (36) 


—_———є—— —— —-——— ————————————-————-—_—_— —ÁÀ 


Material 


Aminoplasts 


Melamine Formol 
Urea Тогто! 


Polyacrylics 


Orion (DuPont) 
Acrilan (Monsanto) 
Verel (Eastman) 


Cresian (Am. Cyanamid) 


Polyamides 


Nylon 6 

Nylon 6/6 

Nylon 6/10 

Nylon 11 Rilsan(E!f Ato) 
Nylon 12 Oryasol(Elf Ato) 


Polyimides 


Bismaleimide copolymers 
Kermid 353 (Rhone-Poulenc) 
Kermid 711 (Rhone-Poulenc) 

Polyamino bis maleimide 
Kermid 601(Rhone poulenc) | 

Polyamideimide 
Torion 4203L (Amoco) 

Polyetherimide 
ЏКет 100 (G.E.) 


Cellulose 


Cellulose triacetate 
Viscose rayon 
Cellophane 
Carboxymethyl cellulose 
Nitrocellulose 


Solubility 
Grams/100 cc DMSO 


20-30°C 
Insol. 
Insol. 
26 


50 
Miscible 
1 

40 
Miscible 
Miscible 
0.9 
Miscible 


Soluble 
Miscible 
10 
Soluble 
10 

40 
Miscible 


90-100°C 


1.9 


> 40 


33 


85 


110 


Solubility, Grams/100cc DMSO 


20-30°C 


Soluble 
Soluble 


>25 
> 5 


Swells 
Soluble 


Swells 


90-100°C 


20 


Insol. 
Insol. 
Insol. 
Insol. 
Insol. 


Insol. 


Insol. 


20 
«1 
Insol. 
Insol. 
10 


Comments 


Viscous soln. 
25 at 130°C 


with some decomposition 
25 at 130°C 


40 at 130°C 
25 at 150°C 
40 at 150°C 


Soluble @ 140°C 


(continued) 


Table 5.19: (continued) 
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Solubility, Grams/100cc DMSO 

















Material 20-30°C 90-100°C Comments 
Cellulose 
Cellulose triacetate 10 20 
Viscose rayon «1 
Cellophane - Insol. 
Carboxymethy! cellulose - Insol. 
Nitrocellulose - 10 
Chlorinated Resins 
Butaclor MC30 (Distugil) Swells 
CM3630 (Bayer) Swells | 
Hypalon DH70 (DuPont) Swells 
Epoxies 
Epikote 1004 (Shell) Soluble 
Epon 1001 (Shetl) 50 
Epon 1004 (Shell) 50 
Epon 1007 (Shell) 50 
Fluorinated Resins 
Polyvinylidene floride 
Foraflon (Atochem) Swells 
Elastomers 
Viton DF801 (DuPont) Swells 
Viton DF809 (DuPont) Swells 
Kalrez 4079 (DuPont) insol. 
Teflon (DuPont) Insol. Insol. 
Methacrylates 
Lucite 41, 4S (DuPont) - «1 
Plexiglas (Rohm & Haas) - «1 
Phenoplasts 
Modified Novalac 
R7522 (Ceca) Soluble 
R7550 (Ceca) Soluble 
Norsophen Resin PH 13 (CDF Chime) Soluble 
Poly carbonates 
Lexan (General Electric) - >5 
Polyesters 
Dacron (DuPont) >1 Dissalves at 160°C; 
ppts at 130°C 
CX 1037 (Goodyear) 7 
Atlac (tCl-America) - 50 
Poly(ethylene terephthalate) = - 
Poly(butylene terephthalate) - 
Hytrel (DuPont) = Е 
Silicones 
Dow Corning 803 soln. Miscible - 
Dow Corning 805 soln. Miscible - 
Dow Corning "Sylkyd 50" Miscible - 
Dow Corning 26018 (flake) 70 - 
Suifur Resins 
Polyphenylene sulfide 
Ryton V107 (Philips) Swells 
Polyethersulfone 
Victrex 660P (ІСІ) Soluble 
Ultrason E3000 (BASF) Soluble 
Udel (Amoco) Soluble 
Urethanes 
Vithane (Goodyear) - 100 
Vinyle-Polymers & Co-polymers 
Butvar B-76 (Monsanto) - 20 Very viscous 
Formvar 7/70 E Monsanto) - 42 Very viscous 
Elvanol 51-05 (DuPont) - 90 Viscous 
Elvanol 52-22 (DuPont) = 15 Viscous 
Elvanol 71-24 (DuPont) - 30 Viscous 


(continued) 
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Table 5.19: (continued) 








Solubility, Grams/100cc DMSO 
Material 20-30°C 90-100°С Comments 
Polyvinyl pyrrolidone (GAF) 30 >100 
Geon 101 (PVC Goodrich) - 10 
Vinylite WHH (Union Carbide) 2 30 
Teslar (DuPont) - - Partially sol. at 160-170°C 
Vinylidenes 
Carvan (Goodrich) 5 - Solin. cloudy and viscous 
Saran film (Dow) - 30 
Geon 200 x 20 (Goodrich) - 20 
DNA (Goodrich) | >5 - 25 аї 130°С 
Other Resinous Materials 
Melmac 405 (Am. Cyanamid) 70 - 
Neoprene Insol. Insol 
Polyetherether ketone (PEEK) (ICI) Insol. 
Polyethylene Insol. Insol. 
Polypropylene Insol. Insol. 
Polystyrene - - Sol. at 150°C; ppts at 130°C 
Rosin (Hercules) >100 - 
Penton (chlorinated polyether)(Hercules) - 3 
Vinsol (Hercules) 50 >100 





Table 5.20: Solubility of Inorganic Materials in DMSO (36) 


Solubility, Grams/100cc DMSO Solubility, Grams/100cc DMSO 


25°C 90-100?С 25°С 90-100°С 
Aluminum sulfate (18H;0) Insol. 5 Magnesium nitrate (6H20) 40 
Aluminum chloride Reacts Manganous chloride (4H:0) 20 
Ammonium borate (3H.0) 10 Mercuric acetate 100 
Ammonium carbonate(H:0) 1 Mercuric bromide 90 
Ammonium chloride Insol. 10 Mercuric iodide 100 
Ammonium chromate 1 Mercuric sulfate <0.01 
Ammonium dichromate‘ 50 Molybdenum bromide 1 Reacts 
Ammonium nitrate 80 Nickel chloride(6H20) 60 
Ammonium thiocyanate 30 Nickel nitrate (6Н:0) 60 
Barium nitrate 1 Potassium bromide 6.5 
Beryllium nitrate(4H.0) 10 Potassium chloride 0.2 
Bismuth trichloride 1 Potassium cyanide 1 2 
Boric acid 45: Potassium hydroxide 0.013 
Bromine Reacts Potassium iodide 20 20 
Cadmium chloride 20° Potassium nitrate 12 
Cadmium iodide 30 Potassium nitrite 2 
Calcium chloride Insol Potassium perchlorate* 38 
Calcium dichromate(3H:0): 50 Potassium thiocyanate 20 50 
Calcium nitrate(4H;0) 30 Silver chloride «0.01 
Ceric ammonium nitrate 1 Silver iodide «0.01 
Cobaltous chloride (6H:0) 30 Misc m.p. Silver nitrate 130 180 
86°C Sodium Sulfate <0.01 
Sodium azide <1.0 1.6 
Cupric acetate(H20) Insol. 6 Sodium chloride 0.4 
Cupric bromide® 1 20 Sodium cyanide 1 10 
150°C Sodium dichromate(2H:0) 12 
Cupric chloride(2H;0) insol. 27 Sodium hydroxide 0.035 
Cupric sulfate(SH:) «0.01 Sodium iodide 30 
Cuprous iodide 1 at 30°C Sodium nitrate 20 
Ferric ammonium sulfate Sodium nitrite 20 
(120) Insol. Misc. т.р. | Sodium perchlorate: 24.2 
40°C Sodium thiocyanate 1 
Ferric chloride(6H.0) 30 90 Stannic chloride 25 
Ferrous chloride(4H2) 30 90 Stannous chloride(2H:0) 40 
Gold chloride 5 Strontium bromide(6H:0) 5 
lodine »100 Strontium chloride(2H3;0) 10 
Lead chloride* 10 Sulfur dichloride Reacts violently 
Lead nitrate 20 60 Sulfur monochloride Reacts violently 
Lithium bromide 31.4 Tungsten hexachloride 5 
Lithium chloride 10.2 Uranyl nitrate (69:0) 30 
Lithium dichromate(2H0): 10 Vanadium chloride 1 
Lithium iodide 41.1 Zinc acetate »100 
Lithium nitrate 10 Zinc chloride 30* 
Lithium perchlorate* 31.5 Zinc nitrate(6H20) 55 
Magnesium chloride(6H:0) 1.0 Zinc sulfate <0.01 


а) @20.3°С b) possible reaction с) not recommended due to safety considerations 


(FROM PURE GASES IN EACH CASE) 
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Table 5.21: Solubility of Gases in DMSO at Atmospheric Pressure and 20°C (36) 
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Grams Gas/ Gas Volume/ 
100 Grams Solution Volume of DMSO 

Acetylene 2.99 28.1 

Ammonia 2.6 40.0 

Butadiene 4.35 31.0 

Butane 4.8 

Butylenes (mixed) 2.05 

Carbon dioxide 05 2.86 

Carbon monoxide <0.01 

Ethane 6.85 x 10? 0.56 

Ethylene 32 2.8 

Ethylene oxide 60.0 306.0 

Freon 12 1.8 3.7 

Helium 1.46 x 10“ 0.89 x 10° 

Hydrogen 1.95 х 10“ 2.39 х 10° 

Hydrogen sulfide 0.5 (reacts) 

isobutylene 2.5-3.0 

Methane 7.92 x 10? 

Nitric oxide (NO) 0.00 

Nitrogen 2.99 x 10? 0.6 

Nitrogen dioxide(NO:;,N:0.) Miscible (possible reaction) 

Oxygen 6.44 х 10" 0.049 

Огопе Reacts 

Propane 1.8 

Propyne 58.2 

Sulfur dioxide 57.4 (reacts) 

Table 5.22: Solubility Parameters of Strong Solvents (36) 

Solvent 5, 5, б, 5, 
DIMETHYL SULFOXIDE (DMSO) 9.0 8.0 5.0 13.0 
8utyrolactone 9.3 8.1 3.6 12.8 
Dimethylacetamide (DMAC) 8.2 5.6 5.0 11.1 
Dimethylformamide (DMF) 8.5 6.7 5.5 12.1 
N-Methyl-2-pyrrolidone (NMP) 8.8 6.0 3.5 11.2 
Propylene Carbonate 9.8 8.8 2.0 13.3 


Sulfotane 9.0 7.4 5.3 12.8 





Table 5.23: DMSO as a Solvent Replacement (36) 


Solvents to be Replaced Replacement Mixture 


5. 5, 5, Weight % ба 5, 5, 
Асетопе 7.6 5.1 3.4 65% DMSO 
35% Aromatic 150 8.8 5.0 3.6 
Butyl cellosolve 7.8 2.5 6.0 10% DMSO 
30% Aromatic 150 
60% Isopropyl alcoho 8.0 27 5.9 
Butyrolactone 9.3 8.1 3.6 100% DMSO 9.0 8.0 5.0 
Cellosolve 7.9 4.5 7.0 33% DMSO 
67% Butyl alcohol 8.1 4.2 7.0 
Cyclohexanone 8.7 3.1 2.5 40% ОМ5О 
60% Aromatic 100 8.9 3.2 2.4 
Dimethyl acetamide | 8.2 5.6 5.0 67% DMSO 
33% Amy! acetate 8.6 5.3 5.0 
Dimethyl! formamide 8.5 6.7 5.5 80% DMSO 
20% 2-methy! butanol 8.6 6.6 5.4 
Ethy! amy! ketone 80 25 2.1 30% DMSO 
70% Aromatic 100 8.9 2.5 2.0 
Ethylene glyco! butyi 20% DMSO 
ether acetate 8.1 2.8 6.7 60% Buty! alcohol 
20% Amy! acetate 8.0 3.3 6.6 
Isophorone 8.1 4.0 3.6 50% DMSO 
40% Aromatic 100 
10% n-Butanol 8.9 4.1 3.5 
Methylethyi Ketone 78 44 25 20% DMSO 
80% MIBK 7.8 3.8 2.5 


(continued) 
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Table 5.23: (continued) 








Solvents to be Replaced Replacement Mixture 
Methylene chloride 8.9 3.1 3.0 40% DMSO 

60% Aromatic 150 8.7 3.1 2.7 
Nitrobenzene 9.8 4.2 2.0 45% DMSO 

55% Toluene 8.9 3.6 2.6 
NMP 8.8 6.0 3.5 70% DMSO 

30% Aromatic 100 8.9 5.4 3.6 
Pentoxone 7.3 4.2 2.8 50% DMSO 
(discontinued) 50% Aromatic 100 8.9 3.9 2.8 
Propylene carbonate 9.8 8.8 2.0 100% DMSO 9.0 8.0 5.0 


Sulfolane 9.0 8.1 3.6 : 10096 DMSO 9.0 8.0 5.0 


Table 5.24: Hansen Solubility Parameters of Polymer Envelopes (36) 


























Polymer 5, 5, 5, Radius 

Polymethyimethacrylate 9.1 5.1 3.7 4.2 
Rohm & Haas 

Epoxy - “Epicote” 1001 10.0 5.9 5.6 6.2 
Shell Chemical 

Polystyrene 10.4 2.8 2.1 6.2 
BASF 

Polyvinyl acetate "Mowilith" 50 10.2 5.5 4.7 6.7 
Farbwerke Hoechst 

Nitrocellulose 1/2 sec. H 23 7.5 7.2 4.3 5.6 
А. Надедогп 

Cellulose acetate "Cellidora" 9.1 6.2 5.4 3.7 
A. Bayer A.G. 

Polyester "Desmophen" 850 10.5 7.3 6.0 8.2 
A. Bayer A.G. 

Polyvinyi chloride "Vipla"KR 8.9 3.7 4.1 1.7 
Montecatini 





Table 5.25: Polymer Solvency of DMSO/Tetralin Mixtures (36) 





Polymer Solvency” Versus Mixture Composition 
DMSO, % 100 80 60 50 40 20 0 
Tetralin, % 0 20 40 50 60 80 100 
Polymethylmethacrylate 42 87 99 93 80 38 ns 
Rohm & Haas 
Epoxy - “Epicote” 1001 77 85 81 - 60 32 ns 
Shell Chemical 
Polystyrene ns 35 70 - 87 91 84 
BASF 
Polyvinyl acetate "Mowilith" 50 73 86 89 84 77 57 28 


Farbwerke Hoechst 


Nitrocellulose 1/2 sec. H 23 67 65 65 - 4 ns ns 
A. Hagedorn 


Cellulose acetate "Cellidora 74 89 61 - 0 ns ns 
A. Bayer A.G. 


Polyester "Desmophen" 850 85 83 7A - 57 35 5 
A. Bayer A.G. 


Polyvinyl chloride "Vipla^ KR ns ns ns 6B ns ns ns 
Montecatini 


Solvency = 100{1-{45/ RF] See appendix, equation 5 for explanation. 
If Solvency < 0, rating is “ns” indicating not soluble. 


Table 5.26: Polymer Solvency of DMSO/MIKB Mixtures (36) 
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Polymer Solvency”) Versus Mixture Composition 
DMSO, % 100 80 60 40 20 0 
MIBK, % 0 20 40 60 80 100 
Polymethylmethacrylate 42 77 84 67 38 0 
Rohm & Haas | 
Epoxy - “Epicote” 1001 77 73 58 38 9 ns 
Shell Chemical 
Polystyrene ns 15 27 30 21 12 
BASF 
Polyvinyl acetate “Mowilith” 50 73 72 64 43 28 6 
Farbwerke Hoechst 
Nitrocellulose 1/2 ѕес. Н 23 67 83 82 69 51 27 
А. Надедогп 
Cellulose acetate “Cellidora” 74 81 54 0 ns ns 
A. Bayer A.G. 
Polyester "Desmophen" 850 85 74 58 39 16 ns 
A. Bayer A.G. 
Polyvinyl chloride "Vipla" KR ns ns ns ns ns ns 


Montecatini 





~ MIBK- methyl isobutyl ketone 


? Solvency - 100[1-(A45! Ry] See appendix, equation 5 for explanation. 
If Solvency « 0, rating is "ns" indicating not soluble. 


Table 5.27: Solvent Viscosities (36) 





Solvent 


DIMETHYL SULFOXIDE (DMSO) 
Dimethylformamide (DMF) 
N-Methy!-2-pyrrolidone (NMP) 
Butyrolactone 

Cyclohexanone 

Isophorone 

Diacetone alcohol 

Propylene Carbonate 

Sulfolane 


Tabie 5.28: Solvent Evaporation Times (36) 


Viscosity, cps @25°C 


10.3 @ 30°C 





Solvent 


90% Evaporation Times, seconds 





DIMETHYL SULFOXIDE (DMSO) 
Cyclohexanone 
Dimethylformamide (DMF) 
Diacetone alcohol 
N-Methyl-2-pyrrolidone (NMP) 
isophorone 

Butyrolactone 

Propylene carbonate 

Sulfolane 


17,600 
1,570 
2,280 
3,840 

15,400 

20,000 

23,700 

119,660 
>1,000,000 
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SULFOLANE 


Table 5.29: Properties of Sulfolane (4) 


Property 





Distillation, Range, °C, 760 mm 
5% 
50% 
95% 
Specific Gravity, 30/4°C 
100/4°C 
Flash Point, °F 
Freezing Point, °F 
Composition, wt. % 
Sulfolane (Water-free) 
Ash Content, wt. % 
Water Content, wt % 
SO, Stability, mg SO,/250 ml/hr 
Molecular Weight 
Boiling Point, °C 
Melting Point, °C 
Density, 15°C 
Viscosity, mPa.s (= cP), 30°C 
100°C 
200°C 
Refractive Index, ng, 30°C 
Heat of Fusion, kJ/kg" 
Dielectric Constant 


Surface Tension, 30°C mN/m (= dyn/cm) 


*To convert J to cal, divide by 4.184. 





Typical Value Specification Test Method 
ASTM D 1078 

284.8 282 Min. 
285.2 
285.6 288 Max. 
1.264 ASTM D 891 
1.201 
330 Literature Value 
79 PPCo-6518-CH 
Е Gas Chromatography 
99.9 99.0 Min. PPCo-6517-CG-1 
0.006 0.1 Max. PPCo-7505-CF 
0.06 0.25 Max. ASTM О 1744 
4 20 Мах. PPCo-6533-CZ 
120.17 Literature Value 
287.3 Literature Value 
28.5 Literature Value 
1.276 9/ ста Literature Value 
10.3 Literature Value 
2.5 Literature Value 
1.0 Literature Value 
1.48 Literature Value 
11.44 Literature Value 
43.3 Literature Value 
35.5 Literature Value 


This product is also sold as Sulfolane-W, which is 3.0 wt. % water added to Sulfolane, Anhydrous. 
Phillips Chemical's Sulfolane-W meets ali specifications for the Sulfolane process licensed by UOP, Inc. 


Chemical Compound 2. 


Вепгепе 
Сусюйехапе 


2.3, Dimethylbutane 


Hexene- 1 

Normal Hexane 
Perchloroethylene 
Toluene 

Mixed Xylenes 


Chemical Compound 
Hydrogen Chloride (gas) 


Ethy! Mercaptan 
Methy! Mercaptan 
Methyl Mercaptan 
Tertiary Dodecyl 
Mercaptan 

Perchloroethylene 
Polystyrene 
Trichloroethylene 





Table 5.30: Solubility of Sulfolane in Various Chemical Compounds (4) 


Temperature Grams Sulfolane/ 
СЕ 100 дт5 Спетса! 
250 77 Miscible 
250 77 0.4 
25.0 77 03 
25.0 77 1.0 
250 77 0.3 
24.4 76 1.6 
25.0 77 Miscible 
250 77 Miscible 


Table 5.31: Solubility of Various Chemical Compounds in Sulfolane (4) 


Temperature Grams Chemical/ 
°C °F 100 gms Sulfoiane 
25.0 77 9.3 
266 80 Miscible 
00 32 Miscible 
25.0 77 21.7* 
250 77 2.0 
244 76 37.5 
199.8 392 0.02 
244 76 Miscible 


"Test performed at atmospheric pressure, approx. 34° F above the normal 


boiling point (42.6° F) of methyl mercaptan. 
Table 5.32: Thermal Stability of Sulfolane (4) 


The tests summarized below were 
made with Sulfolane containing 10 
mg of SO, per 250 mi. Phillips Test 
Method PPCo-6533-CZ.* 


SO, (mg.) Liberated 





Temperature Per Hour From 
"C °F 250m! Sulfoiane 
180 356 0.6 
200 392 2.8 
220 428 3.3 
240 464 24.1 


FINDINGS: Sulfolane has good 
thermal stability up to and including 
428° F but has a rather sharp decom- 
position rate beyond this tempera- 
turc. Excessive temperatures will 
cause Sulfolane to “crack” to a dark 
polymer and SQ . 


“Description of test method available on request. 
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Table 5.33: Comparative Freezing Point Depression (4) 







Mol. % impurity Required to 


~ impurity Lower Freezing Point 1°F 
5 Normal Butylbenzene 0.098 
g 7 2-Phenyipentane 0.103 
8 " бийоепе 0.228 
© 3-Methylsulfolane 0.189 
Water 0.163 


Weight per cent Sulfolane 


Freezing point curve tor Suifolane — water mixtures 


Table 5.34: Specific Gravity (4) 


Buel ous НЕ 
% 


_ £M VENIO АА 
EE 2222. PRED 
A OCIO а ОСО коса 
ТА ONG 
ХО ое 
ААА RA 


WATER 





WEIGHT PERCENT 
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METHANOL 


Table 6.1: Physical Properties of Methanol (70) 


Chemical Family Alcohol Critical Temperature, 
Chemica! Formula CH,OH °C (°F) 240 (464) 
Chemical Structure H,-C-OH Critical Volume, 
| | cc/g (cu ft/lb) 3.6829 (.05899) 

Chemical Abstract Service 

Number 67-56-14 Density, Ib/gal @ 15.6°C (60°F) 6.63 
Molecular Weight 32.04 Explosive Limits, 
Synonyms Methy! Alcohol % Volume in Air, 

Carbinol Lower 6.0 
Wood Alcohol Upper 36.5 
„. Flash Point 

Auto Ignition Temperature, ; ЕТ 

@ 760 mm Hg, °C (°F) 385 (725) Tag Closed Cup, °C (°F) 11 (52) 
Boiling Point, Heat of Formation, Liquid, 

@ 760 mm Hg, °C (°F) 64.7 (148.4) @ 25°C, К сауд то! - 57.021 

(9 77^F, BTU/Ib mol ~ 102.6x10° 
Freezing Point, °C (°F) - 97.7 (- 143.8) ‚ 
Heat of Formation, Vapor, 

Coefficient of Expansion, @ 25°C, K cal/g mol - 48.08 

per °C @ 20°C 0.00119 @ 77°F, BTU/Ib mol — 86.5x10? 

2 8°Е | 

за iere е Heat of Fusion, 
Critical Compressibility 0.224 @ ~97°C, K cal/g mol 16.4 
Critical Density, @ —142.6°F, ВТИЛЬ то! 29.5 

g/cc (Ib/cu ft) 0.272 (16.952) Refractive Index, NZ 1.3286 
Critical Pressure, Solubility in Water, 

Kg/cm? (PSIA) 81.12 (1153.95) @ 20°C (68°F) Completely Miscible 
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Table 6.2: Properties of Aqueous Solutions of Methanol (37) 

















METHANOL FREEZING BOILING FLASH DENSITY (g /ml.) VISCOSITY (MILLIPOISES) 
WT. VOL. POINT POINT POINT AT VARIOUS TEMPERATURES AT VARIQUS TEMPERATURES 
% Ж, "Р "р из oT. 10°C. 15°C. 20°C. 25°С. 35°С. 45°С. 55°С. 
| (Closed Cup) 

0 0 32 212 - 9999 9997 „9993 9982 8.9 12 5.9 5.1 
10 12.35 21.7 197.2 130 .9842 .9834 .9824 .9815 11.8 9,2 7.4 6.2 
20 24.33 5.9 187.3 107 9725 9700 9681 | .9666 14.1 10.9 8.6 7.1 
30 35.95 -14.6 180.0 94 9604 9560 9537 9515 15.5 11.9 9.4 7.7 
40 471 -39.1 174.2 84 9459 9403 9372 9345 15.8 12.3 97 7.9 
50 57.71 —65.1 169.5 76 9287 9221 9185 9156 15.7 12.2 9.7 7.9 
60 67.69 ~101.2 165.6 69 9090 9018 8978 89% 14.0 10.9 8.8 7.2 
10 16.98 -156.1 161.6 63 8869 8794 8751 8715 12.2 96 7.8 6.4 
80 85.50 -175.0% 157.5 58 8634 8551 8505 849 10.1 8.1 6.7 5.6 
90 93.19 -171.4 153.0 53 .8374 8287 8240 8202 7.9 6.5 5.5 4.6 

100 100.0 -142.6 148.3 49 ‚8102 8009 7958 1917 5.5 4.8 4.1 3.6 
wT. 9, THERMAL CONDUCTIVITY 
VAPOR PRESSURE (mm.Hg) METHANOL (CAL /SEC /CM ?/°C /CM } SPECIFIC HEAT 
WT. AT VARIOUS TEMPERATURES IN VAPOR AT VARIOUS TEMPERATURES AT VARIOUS TEMPERATURES 
7, 20°С. 60°C. 100°C. 140°C. AT 760 mm. 10°C. «с 70°C. 30°С. 90°С. | 100°C. 

0 17.5 149 760 2700 0 00138 00149 00160 0.990 0.994 1.000 1.004 
10 28.0 206 1030 3640 43.4 00126 00135 00145 1.015 1.022 1.032 1.039 
20 35.5 258 1260 4300 61.2 00115 00122 .00129 1.000 1.014 1.035 1.049 
30 41.5 307 1450 4780 70.5 00105 00110 00115 0.974 0.997 1.031 1.054 
40 46.5 350 1600 5200 76.5 0096 .00098 00100 0.947 0.979 1.026 1.057 
50 52.0 390 1710 5620 81.0 .00088 .00088 .00088 0.888 0.928 0.988 1.028 

59.0 427 1880 6040 84.8 .00079 .00078 .00076 0.821 0.869 0.941 0.990 
66.5 462 2020 6470 88.5 .00072 .00069 00066 0.764 0.820 0.905 0.961 


70 

80 75.5 503 2190 6970 92.2 00065 .00061 00057 9.726 0.790 0.886 0.951 
90 87.0 557 2380 7550 96.0 .00059 .00054 .00049 0.665 0.737 0.846 0.918 
00 99.0 620 2600 8150 100.0 -00053 00018 00043 0.626 0.706 0.826 0.887 





* The eutectic point or minimum freezing temperature is approximately Vol.). In the vicinity of the eutectic, the solutions become vitreous 
—128.7°C. (-199.7°F.) at a composition of 82.9% Wt. methanol (87.8%, and direct determinations of the freezing point are difficult to make. 


Table 6.3: Freezing Points of Methanol-Water Solutions (34) 
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240 Industrial Solvents Handbook 


Table 6.4: Density and Specific Gravity of Methanol-Water Solutions at 15°C (34) 


by ity, avity, % ity, t ; 
“щл үйл у лус мери убита BAR BIX 
0 0 ...  .. 09 100000 Ф 5912 09и 09191 
| 1263 098m 09813 и МН... . оза 09172 
2. 13] 0943 09629 5... 0941 031530 
з зв 0юю 09% ы өз ова 09107 
© a% 0.89198 09M чи 2... . . 0904 091123 
T T 0.99029 099115 = QU . —. . 099 оюын 
$ 9 OXA 0.98960 “© ыл 05 097 
) € 0987901 — 090785 7 аът ... 091 090 
' $96 — 1... . 09941 — 09962 ч бш . .. .. 0990 ожа 
з wim... .. . оюы — 0397 ә 675. 0... . . 08996 0.90074 
9 мм. оши оз © 6769 04978] ою 
1 159 — . . .  . 099 ошл и 66654 0.89563 — 0.89940 
2 ит... 0995 0900 62 6960] 0:941 — 04948 
з вет... . 09 — 0$ ө 7058 0.89117 0.0914 
м UB о 0 0... 08980 097745 ы таю 0.88890 — 0896 
5045202 0 0948 — 093782 5 паз 0.89662 0739 
в 1959 .. —— . . | 095? 09741 6 ош 0.8433 050 
VO юз доа 097321 9 242252 0.88203 0.88279 
п оле o 0 0.97096 0.97180 68 іт | 0891 0.88047 
9 маш... 08855. 097039 6 26077 . 087139 || 087415 
9 нт доц  0.96898 ю 76956 0.87507 0.87583 
л 252 | |. 09673 0.96757 п п 0.87271 0434 
п M | _ 0.965533 0.96614 n € 0.87033 0.87108 
з пш  .  . 09392 094 з 2961 06792 0367 
а 2909 | . 0995] 09634 я 0% 0.86546 0.06621 
5 кіз 0.96108 0.9181 љ 81% 0.96300 — 08525 
ж из 0.95963 0.96046 в Rg 0.96051 0.06125 
7 250 0.95817 0.95900 п um 0.85801 044% 
я зе 0.95668 0.95751 в аа 045551 0.89625 
4 ию 0.95518 0.95601 з мБ 04530 0.85374 
Юю 5% 095366 0.9499 ю ко 0.85048 085122 
n у 0.95213 0.95295 п ња омы омы 
X3 24 09906 039513 R Ulo 0.455 ош 
з ню 0.94896 0.94971 3 vg 0.4274 оми? 
и ки 0947/4 — 0546 м мб? омон омо 
5 45% 0.94570 0.94652 5 өш 0.83742 0.23814 
х ом 09400 — 0948 % 9212 0.8475 0.83947 
у 4816 0.94237 0.94319 п 9098 0.83207 0.83279 
X ия 09406) 0.94148 8 — 97 0.82937 043009 
9 «06 09394 0.3975 945 0.82667 — 08735 
Ю “41% 093720 0.9301 9 ош 0.82396 — 082 
и “1% 04343 0.93624 я 992 0.82124 0.92195 
2 4927 0.93365 0.9346 N ME 0.81849 0.81920 
8 0.383 0.93185 0.93266 93 96.126 0.81568 081639 
а 51427 0.93001 0.99081 м жо? 0.81285 08135 
S 524% 0.92815 0.92895 % жо 08099 0.810689 
“ ам 0.52627 0.92707 % 97.370 08013 0.80783 
п Уж 034% 092516 97 903% 0.80428 озии 
в 5539 0.92242 0.92327 % 96% 080143 0.80212 
в че 0.92088 0.92123 9 99351 0.79859 0.79928 
100 100.00 0.79577 079646 


Table 6.5: Density and Specific Gravity of Methanol-Water Solutions at 30°C (34) 


Methanol 
% 9, by 
Weight — Volume 
0 0.000 
| 121 
2 2 538 
3 3.800 
4 5.057 
5 6.310 
6 7.559 
7 8.802 
8 — 1004 
9 11278 
0 1251 
11 13.738 
2 14962 
13 16.182 
14 17.398 
15 18610 
16 19.820 
7 21.004 
18 2224 
19 23.420 
2 24612 
1 257% 
2 26983 
23 28162 
4 29338 
25 30509 
26 31626 
27 32.839 
28 33.998 
29 35145 
0 362% 
31 37.439 
329 38577 
33 39706 
и 4081 
35 41952 
36 43067 
37 44179 
38 45285 
39 46387 
0 47479 
а 48572 
2 4969 
3 80732 
и 51.805 
45 52867 
4 53.925 
9 94977 
8 5504 
39 5709 


Density, 
30/4? 
0.9957 
0.9939 
0.9921 


0.9886 


0.9868 
0.9850 
0.9832 
0.9815 
0.9798 


0.9782 
0.9765 
0.9749 
0.9733 
0.9717 


0.9701 


0.9670 
0.9654 
0.9638 
0.9622 


0.9590 
0.9574 
0.9558 


0.9542 
0.9526 
0.9510 


- 0.9494 


0.9477 


0.9460 
0.9443 
0.9426 


0.9390 


0.9372 
0.9354 
0.9336 
0.9318 
0.9300 


0.9281 
0.9263 
0.9244 
0.9225 
0.9206 


0.9186 
0.9166 
0.9146 
0.9126 
0.9105 


Specific 
Gravity, 
30/30“С 


0.9615 
0.9599 


0.9583 
0.9567 
0.9551 
0.9535 
0.9518 


0.9501 
0.9484 
0.9467 
0.9449 
0.9431 


0.9412 
0.9394 
0.9376 
0.9358 
0.9340 


0.9321 
0.9303 
0.9284 
0.9265 
0.9246 


0 9226 
0.9206 
0.9185 
0.9165 
0.9144 


Methanol 

9o by ву 
Weight Volume 
50 58.089 
51 59.121 
52 60.140 
53 61.148 
54 62.149 
55 63.146 
56 64.136 
57 65.114 
58 66.093 
59 67.059 
60 68.019 
61 68.981 
62 69.929 
63 70.872 
64 71.809 
65 72.731 
66 73.656 
67 74.566 
68 75.471 
69 76.369 
70 77.261 
71 78.146 
72 79.017 
73 79.881 
74 80.729 
75 81.580 
76 82.425 
77 83.253 
18 84 085 
79 84.900 
80 85.719 
8! 86.522 
82 87.317 
83 88.095 
84 88.867 
85 89.631 
86 90.389 
87 91.139 
88 91.883 
89 92.608 
90 93.327 
91 94 038 
92 94.730 
93 95.415 
94 96.080 
95 96.737 
96 97.400 
97 98.054 
98 98.02 
99 99.355 
100 100.000 


Monohydric Alcohols 


Density, 
30/4%С 
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Table 6.6: Resultant Volume When Methanol and Water are Mixed (37) 





М ө 
BENEEREHEREREEEEEEENZ 
3р4 
УРА РЕЈА САВА i 
ДАДА РОА ЕРИДА и Ока 
НИ НЕ НЕ ВЕНИ ЦЕ Но ILI 
шоссе оао 
ыыы ыл 


100 
Volumes of Methanol at 25°C Before Mixing (mi, gal, etc.) 
100 90 89 70 60 50 40 30 20 10 0 
Volumes of Water at 25°C Before Mixing (ml, gal, etc.) 












96 


Resultant Volume at 25°C (mi, gal. etc.) 


Table 6.7: Solubility of Methanol in Gasoline from 15° to 30°C (37) 


TEMPERATURE, °C 





METHANOL, PER CENT 


Monohydric Alcohols 243 


Table 6.8: Liquid Density of Methanol (70) 


= 
со 


е 
о 


0.4 


Жы density, Pu. g/cm 


Temperature, °F 


- 200 - 100 
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Table 6.9: Liquid Heat Capacity of Methanol (70) 


Liquid heat capacity, C,, cal/(g) (*C) 


Temperature, °F 


- 200 - 100 400 


"ПГГІТТТІТІТІТІТІТІУГ 
ЕЕРЕЕ 


1.4 1.4 











- 160 - 120 = -40 280 


0.4 04 





Temperature, °C 


Lb/gal 


BTU/(Ib) (°F) 


244 


Industrial Solvents Handbook 


Table 6.10: Vapor Heat Capacity of Methanol (70) 


Heat of vaporization, AH,, cal/g 


Vapor heat capacity, C,, cal/(g) (°C) 


Temperature, °F 
800 1,000 1,200 1.400 1,600 1.800 


BTU/(Ib) (^F) 





— 100 0 100 900 1,000 
я fe 


Table 6.11: Heat of Vaporization of Methanol (70) 
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Table 6.12: Surface Tension of Methanol (70) 


Surface tension, ст, dynes/cm 
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Table 6.13: Liquid Thermal Conductivity of Methanol (70) 


Liquid thermal conductivity, K, , cal/(s) (cm) (°C) 


6x 10-4 


5х 10“ 


4x10^* 


3х10-“ 


2х10-“ 


Temperature, °F 
- 200 — 100 0 100 200 300 400 500 





Temperature, °C 


320 


BTU/(h) (ft) (°F) 
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Table 6.14: Vapor Thermal Conductivity of Methanol (70) 


Vapor pressure, Py, mm Hg 


Vapor thermal conductivity, Kc, cal/(s) (cm) (C) 


0.5 x 


25x10 


2x10 


1.5x 10 


1x10: 


s °F 
0 200 1,000 1,200 1,400 1.600 1.800 


10° 


що °C 


Table 6.15: Vapor Pressure of Methanol (70) 


10° 


10 











Temperature, °F 
400 - 200 - 100 


- 100 0 100 200 3 








А А 
ПА И 


аи °C 





BTU/(h) (ft) CF) 


— 
ce 
к 


1079 


Vapor pressure, P,, mm Hg 


— 

e 
i 
a 


10-5 


10-5 
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Table 6.16: Vapor Viscosity of Methanol (70) 


Temperature, °F 


1,000 1.200 1,400 1,600 1,800 


0 200 400 600 0 


350 










20x10 ê 





" LLLLLLLLLLLIILPEZ Е 
з ПРЕ А 
9 250 
e z 
о 
© 15 х 10-“ y 
3 200 Е 
= Я 
: : 
© 
© 150 10x 10:5 — 
© 
а 
5 
100 
5х10 5 
50 
1,000 


Temperature, °C 


Table 6.17: Liquid Viscosity of Methanol (70) 
Temperature, °F 


- 100 


Liquid viscosity, 1, centipoise 


Liquid viscosity, ја, , centipoise 


- и 40 80 120 160 200 240 280 320 





Temperature, °C 


Table 6.18: Azeotropes of Methanol (31) 


METHANOL FORMS BINARY AZEOTROPES WITH: % B.P. of Azeotrope ЭС % В.Р. об Azeotrope °С. 
% B.P. of Azeotrope eÇ, 88.5 1, 1-Dichloroethane 59.0 77.7 ¢-Methylfuran 51.5 
88 Е Bete 68 l;2-Dichloroethane 61.0 25 Methyl isobutyrate 64.0 
81 Кавран та 63.5 87 cis -1, 2-Dichloroethylene 51.5 52.5 Methyl propionate 62.5 
38.7 Acrylonitrile 61.4 ae 1, 2-Dichloropropane 62.9 is ОУ РЕВ енер Au 
50 tert - Amyl rrethyl ether 62.3 9 ¢, 2-Dichloropropane 55.5 di РЕПУ ИЕ oa? 
eae PEE пра 75 1, 2-Dichloro-1-propene 56.5 91 n-Pentane 08 
77.5 Biallyl 47.1 35 Diethoxymethane 63.2 9.3 a-Pinene 64.6 
4i B onse ais дыз 10 1, 2-Dimethoxyethylene 63.5 28 Propyl ether 65.8 
58.5 2eHxonioburüWe 61.5 75.8 Dimethyl] acetal 57.5 49.8 Propyl formate 61.9 
95 Bromoethane 35 80 2,3-Dimethylbutane 45.0 28 Octane 63.0 
58 | :BronoczemtthylpEopane 61.6 40 2, 5-Dimethylhexane 61.0 36.5 Tetrachloroethylene 63.8 
76 2-Bromo-2-methylpropane 55.6 54 Ethyl acetate 77.1 45 Thiophene 59.6 
79 1-Вготоргорапе 54.5 44 Ethyl butyl ether 62.6 “1 PONERSE Е 
85.5 2- promopropane 49.0 65 Ethylene dichloride 59.5 18.3 1,1,1-Trichloroethane 56.0 
88 cise i-Bromopropene 48 79 Ethylene sulfide 47.0 3 1,1,2-Trichloroethane 64.5 
85 trans -1-Bromopropene 50.8 84 Ethyl formate 51.0 PA а еве SU 
89 ЖЫНЫ арамы Бела 42.7 43 Ethyl nitrate 61.8 47 2,2,4-Trimethylpentane 59.4 
79.5 3-Bromopropene 54.0 76 Ethyl propyl ether 55.5 METHANOL FORMS TERNARY AZEOTROPES WITH: 
30 2-Butanone 63.5 зб Ethyl sulfide 61.2 % | B.P. of Azeotrope °С, 
64.6 Butyl methyl ether 56.3 68 Fluorobenzene 59.7 44% Дарин | 

86 Carbon disulfide 37.7 22 китап 30.5 40% Cyclohexane 51.1 
79.4 Carbon tetrachloride 55.7 48.5 n-Heptane 59.1 

71.5 | -Chlorobutane 57.2 83 Iodoethane 55.0 i со 

80 2 -Chlorobutane 52.7 50 l -lodopropane 63.1 76.8 Methyl acetate 53.7 
87 Chloroform 53.5 62 2 -lodopropane 61.0 40 Carbon disulfide 

43 1 -Chloro-3 -methylbutane 62.0 38 3-lodopropene 63.5 50 Bromoethane ae 
65 Chloromethyl methyl ether 56.0 60 lIsobutyraldehyde 62.7 ср BD DE 

77 1 -Chloro-2-methylpropane 53.1 20 Isopropyl acetate 64.5 за Меенуца 35.6 
90 2-Chloro-2-methylpropane 43.8 67 Ізоргору! formate 57.2 

90 1-Chloropropane 40.6 92.1 Methylal 41.8 Њу шө 47.0 
94 2-Chloropropane 33.4 80.5 Methyl acetate 54.0 30 Acetone 

97 2-Chloropropene 22.0 46 Methyl acrylate 62.5 57.2 Methyl acetate 37.0 
90 3-Chloropropene 39.9 68 Methyl borate 54.6 46.5 Carbon disulfide 

61.2 1, 3-Cyclohexadiene 56.4 93 2-Methyl-2-butene 31.8 48.6 Methyl acetate 

57.5 1, 4-Cyclohexadiene 58.0 97 3-Methyl-1-butene 19.8 33.6 авина 50.8 
66 Сус! оНехапе 55.9 85 Methyl tert-butyl ether 51.6 

86 Cyclopentane 38.8 30 Methyl carbonate 62.7 27 Methyl acetate 

18 1, 1-Dibromoethane 64.2 46 Methylcyclohexane 59.2 59 Нехапе TE 
38. trans -1, 2-Dibromoethylene 64.1 68 Methylcyclopentane 51.3 5.3 Water 


50 2, 3-Dichloro-1, 3-butadiene 61.5 65 Methylcyclopentene 53.0 13.5 Methyl chloroacetate 9157 


yooqpuvg sjuoajog ]pigsnpu] gpz 
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Table 6.19: Physical Properties of Anhydrous Ethyl Alcohol (37) 


Acidity as acetic acid 


Boiling point at 760 mm Hg 
dt/dp at 760 mm Hg 


Coefficient of cubical expansion 
Color, Pt-Co scale 

Critical pressure 

Critical] temperature 

Density at 25*C 

Dielectric constant at 20*C 
Dipole moment, p x 10?* 
Electrical conductivity at 25°C 
Explosive range 


Fire hazard 


Flash point, Tag open cup 

Free energy of formation, 
AF* at 25*C 

Freezing point 


Heat capacity, Cp, Liquid at 25*C 
Cp, Vapor, 90*C,1 atm 
Cv. Vapor, 90*C,1 atm 


Heat of combustion 


Heat of formation, Liquid, 
AH at 25°C 


Heat of solution in Water ac 13°C 


Heat of solution of Water in Ethyl 
Alcohol, mole fraction of Water 
0.640 at 77°C 
0.843 at 79.2*C 


Table 6.20: Physical Properties of 95% Ethanol (37) 


0.0015% by wt, max. 


78,32“С 
0.0334°C/mm Hg 


0.00060 per 1°F 
10 max. 

63.1 atm 

243. “С 

0.7851 g/ml 
25.7 

1.70, 


1.35 х 10"? окт"! ст"! 


3.28 - 19% 


Dangerous when exposed 


to heat or flame 
61°F 


-40.2 kcal/mole 
«114.1"С 


0.581 cal/g 
0.406 cal/(g) (°C) 
0.359 cal/(g) (*C) 


328 kcal/mole 
-64.7 kcal/mole 


2.54 kcal/mole solute 


-0.018 
-0.038 


Acidity as acetic acid 
Color, Pt-Co scale 
Distillation range at 


760 mm Hg 


Non-volatile matter 


Permanganate time 


Reducing substances 


Reiative evaporation rate, 


n-Butyi Acetate = 100 


Specific gravity at 15.56 


(60/60*T) 


Weight per gallon at 20*C 


Latent heat oí fusion 

Latent heat of vaporization at 78.3°C 
MAC 

Melting point 

Molecular weight 


Non-volatile matter 


Reducing substances 


Refractive index at 25°C, np 


Specific gravity at 15. 56*C 
(60/60*F) 


Specific heat at 20*C 
Specific tension at 25°C 
Thermal conductivity, k, at 68°F 


Toxicity 


Vapor pressure at 20°C 
Viscosity at 20°C 
Weight per gallon at 20°C 


0.0025 g/100 ml, max. 


10 max. 


77°С - 80°С 

Not more than 0,0025 
gram when 100 ml 
are evaporated and 
heated to constant 
weight at 100°C to 
110*C 

30 minutes, min. 


At least 25 minutes 
permanganate time 
at 15*C 


230 


0.8160 
6.76 1bs 


Table 6.21: Properties and Specifications of Ethyl Alcohol (30) 


Specifications 
Units 190° 

Ethyl Alcoho!, 

minimum strength ............. vol % ......95 .......... 
Acidity as Acetic 

Acid, maximum ................. 9/100 mi .0.0025 ... 
Non-Volatile 

Matter, maximum .............. 9/100 mi .0.0025 ... 
Permanganate Time, 

MINIMUM ees minutes ...50 .......... 
Specific Gravity @ 60°F 

(15.56?C), maximum ......................... 0.816 ..... 
Color, maximum .................. Pt-Co ......10 .......... 


200* Test Method 


Шы ыы IRS Gauging 


Manual 


...0.0025 ...... ASTM D 1613 
...0.0025 ......АЗТМ 0 1353 


Мес ае Quantum test 
...0.794 ........ ASTM D 891 
...10............. ASTM D 1209 


(Tag Closed Cup) 
Weight per Galion @ 
60 °F (15.56 °C) 





24.9 cal/g 
204.3 cal/g 
1000 ppm in air 
-114.4*C 
46.07 


Not more than 0.0025 
gram when 100 ml 
are evaporated and 
heated to constant 
weight at 100*C to 
110*C 


At least 25 minutes 
permanganate time 
at 15°C 


1.3596 


0.7937 
0.61 cal/g 
22.1 Чупев /ст 


0.105 (Btu) (ft) 
(aq ft) (°F) 


Moderately toxic by 
ingestion and in- 
halation 


44.0 mm Hg 
1.22 centipoises 
6.61 1bs 


200° 
78.3 .......... 78.4 
173.1 
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Table 6.22: Conversion Table—Weight and Volume Percent of Ethyl Alcohol in Ethy! Alcoho!l-Water 
Mixtures (30) 


% % % 
Alcohol % Alcohol % Alcoho! % 
% Alcohol Alcohol By % Акопо! % Aicohol 
to be By By Volume to be By to be By 
Converted Weight Converted Weight | at60°F Converted Weight Converted Weight 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Values trom Tables 5 and 6, Bureau of Standards Circular No. 19 - 


Table 6.23: Index of Refraction of Ethyl Alcohoi-Water Mixtures at 60°F (30) 


3W(YIOA AB % ЛОНООТУ ЛАНД3З 


ETHYL ALCOHOL, % BY WEIGHT 





100 
1.332 1.335 1,340 1.345 1.350 1.355 1.360 1.365 


INDEX OF REFRACTION, Np 


Data from International Critical Tables 


MOLE % WATER IN MIXTURE 
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Table 6.26: Boiling Points of Ethyl Alcohol-Water Solutions (34) 


Ethyl Alcohol, % by Volume at 60°F 


Boiling Point, "С 


Table 6.24: Heat of Solution of Ethyl Alcohol in Water (30) 










0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 


HEAT OF SOLUTION, CAL/MOLE 


Data from International Critical Tables 
ВТУЛЬ mole = 1.8 cal/g mole 





10 20 30 40 50 60 70 80 
of E | 90 100 
hyl 
1 байы 
"A 
«ЕКСЕ 
ШШ БА ЧЕ ИЕ ИШЕ 
СЕН 
sp IN 
СЕК 
дет ча 
ДА 
ы 
Ср 
носі 
ЕЕЕЕ 
HEE 
2123 
i ІЛ exp 
xL ip | 
Eq рт ЕЕ БЕР БЕК ЕКЕ 
0 10 20 30 40 50 6 5 100 


Éthyl Alcohol, €, by Weight 
Caiculated from mole per cent data given in International Critical Tables 


Table 6.25: Resultant Volume When Ethyl Alcohol and Water 


are Mixed (30) 


0.0 
10.0 
20.0 
30 0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 
00.0 


RESULTANT VOLUME AT 60°F (GAL, ML, ETC.) 


0 10 20 30 40 50 60 70 80 90 
VOLUMES OF WATER AT 60*F BEFORE MIXING (GAL, ML, ETC.) 
100 90 80 70 60 50 40 30 20 10 


VOLUMES OF ETHYL ALCOHOL AT 6C°F BEFORE MIXING (GAL, ML, ETC.) 


Iben Mellan, ‘industrial Solvents Handbook’, 2nd Edition, Noyes Data Corporation (1977) 
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Table 6.27: Permanganate Time Test (30) 


IN MINUTES 
~ 
о 


~ 
= 
- 


PERMANGANATE TIM 





10 Е 


CONCENTRATION МУ PPM IN 190 PROOF U.S... ALCOHOL 


Ref. U.S. Industrial Chemicals Company, Tuscola, IL. 


Table 6.28: Freezing Points of Ethyl Alcohol-Water Mixtures (30) 


Ethyl Alcohoi, % by Volume at 60°F 


-50 у 
сене Freezin Alcohol Point, € 
- 60 | “е by wt. Point, ^ % Бу м. Point, 
33.8 23. 6 
39.0 287 
46 3 - 339 
41 
50 
60 
70 
- 80 
--100 
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- 100 


бо © о фо бололо 
NO У – 


- 110 


МОЋ Ћ ГР = — = = 
ODARNODNW-DAN, 
(€ У № — 62 ср Сл ср со ср сл! 


| . 
mon 
© 


- 120 
0 10 20 30 40 50 60 70 


Ethyl Alcohol, % by Weight 


іре"! Mellan. ‘Industrial Solvents Handbook’, 2nd Ed . Noyes Data Corporation (1977) 
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Table 6.29: Viscosity of Ethyl Alcohol-Water Mixtures (30) 


Monohydric Alcohols 


(Alcohol % by Weight in Water) 


ASIOd LN3D ALISOOSIA 


ME А 
ҮЙҮҮ 
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ШЕГИ ЕТ я 
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ЦО LT 
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70 








60 


eae % d 















Nationat Bureau of Standards Bulletin, 14 (1918), 59 
U S Industnal Chemical Company, Tuscola, тої 





TEMPERATURE ‘+ 


253 


Table 6.30: Flash Point of Aqueous Ethyl Alcohol Solutions 
°C and °F vs Vol % Ethanol (30) 


TEMP °F 





ПП ИШИ 


И ||| || 





АД ||| 
ИН 
УВО 0 





40 50 60 
VOLUME % ETHANOL 


ИАА 


/ 


Зо 9/34 


Table 6.31: Specific Heat of Aqueous Solutions of Ethanoi (30) 


SPECIFIC HEAT CM ОМ 


ШИНЕ 
N е За 
||| | || 


% ETHANOL BY WEIGHT - 





Ibert Mellan. ‘industrial Solvents’, 2nd Edition, Reinhold Publishing Corp. (1950) 


Table 6.32: Surface Tension of Pure Ethanol at 
Various Temperatures (30) 


SURFACE TENSION (DYNES CM) 





TEMPERATURE °C 


liben Mellan, industrial Solvents', 2nd Edition, Reinhold Publishing Corp. (1950) 


474 
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Table 6.33: Latent Heat of Vaporization of Ethyl Alcohol (34) 


НЕ НИ 
да s ция 
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0 
0 20 40 60 80 100 120 140 160 180 200 220 240 


Temperature, *C 
Data from International Critical Tables 
BTU/Ibz1.8 x calt/g 


Table 6.34: Heat Capacity of Ethyl Alcohol at Various Temperatures (30) 


0.80 


"T ТЕГ 


_ 100 100 120 150 
ТЕМР °С 


HEAT CAPACITY. CP (CALORIES/GM) 
E: 
о 





Data from international Critical Tables 
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Table 6.35: Volumetric Equivalents (30) 


The following table will be helpful in the preparation of reports showing dispo- 
sition of 190 proof and anhydrous (200 proof) tax-free and specially denatured 
alcohol. 


Fluid Wine | ProofGalions Gallons 
Ounces Milliliters Gallons 190 ИИ 200 ргоо! 









11 

[8 Са аа 

[ 2m | 26 
9 во 
[e | аю 








Table 6.36: Ethyl Alcohol-Water Mixtures (30) 


Corresponding values for proof, parts by vo ume of water and alcohol, weight % alcohol and specific gravity in air. 


U.S. PROOF PARTS BY VOLUME* OF WEIGHT % SPECIFIC GRAVITY 


degrees : ETHYL at 60°/60°F | at 68°/68°F at 77°/77°F 
at 60°F ALCOHOL (15.56°/15.56°С) (20°/20°С) (25°/25°С) 














*The parts by volume of water and the parts by volume of ethy! alcohol do not add to unity (100) at any one proof reading, because of the shrinkage in volume which 
occurs when ethyl alcohol and water are mixed. The parts by volume of ethyl alcohol are the same as percent by volume of ethyl alcohol used to determine proof for tax 
purposes. Ethyl alcohol proof, by tegai definition, is twice the percent by volume. 


(continued) 


Table 6.36: (continued) 










PARTS BY VOLUME* OF 






U.S. PROOF 


degrees 


at 60°F ETHYL ALCOHOL 





WEIGHT % 
ETHYL 
ALCOHOL 
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SPECIFIC GRAVITY 
at 68°/68°F 
(20°/20°C) 
















at 60°/60°F 
(15.56°/15.56°C) 


at 77°/77°F 
(25°/25°C) 




































88.45 | 3009 — | 9832 
таа ast 
13.37 9794 9790 ШЕГЕ 
ва 





*The parts by volume of water and the parts by volume of ethyl alcohol do not add to unity (100) at any one proof reading, because of the shrinkage in volume which 
occurs when ethyl aicohol and water are mixed. The parts by volume of ethyl alcohol are the same as percent by volume of ethyt alcohol used to determine proof for tax 
purposes. Ethyl alcohol proof, by legai definition, is twice the percent by volume. 


(continued) 
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Table 6.36: (continued) 





U.S. PROOF PARTS BY VOLUME: OF WEIGHT % | _ SPECIFIC GRAVITY 
degrees ETHYL at 60°/60°F at 68°/68°F 
WATER ALCOHOL (15.56°/15.56°С) 


at 77°/77°F 
(25°/25°С) 


at 60°F (20°/20°C) 





















47 78.58 9714 
78.14 19708 9698 
77 69 9703 9692 
77.24 | 9697 | | 9686 
76.79 9691 9679 
вэ 
55 74.98 
56 74.53 
58 73.62 
59 73.17 
Па ome 
— w | sw 
E 
|. 83 | 6199 


"The parts by volume of water and the parts by volume of ethyl alcohol do not add to unity (100) at any one proof reading, because of the shrinkage in volume which 
occurs when ethyl alcohol and water are mixed. The parts by volume of ethyl alcohol are the same as percent by volume of ethyl alcohol used to determine proof for tax 
purposes. Ethyl alcohol proof, by lega! definition, is twice the percent by volume. 


(continued) 


o 
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Table 6.36: (continued) 


U.S. PROOF WEIGHT % 
m A sm [Sum 
42.0 | 9485 9463 

T T аз 
60.56 43.0 9446 
87 60.08 43.5 9437 9412 
88 59.59 440 || 9428 9403 





и 
© 


о 
о 





5 





| 92 

| № | sen 44.5 | 37.41 9443 9419 
58.63 45.0 

и 58.14 45.5 
92 57.66 46.0 

93 5717 | 465 


97 55.21 48.5 
49.0 
49.5 
50.0 
50.5 
51.0 
51.5 
52.0 
52.5 





“Тһе parts by volume of water and the parts by volume of ethyl aicohol do not add to unity (100) at any one proof reading, because of the shrinkage in volume which 
occurs when ethyl aicohol and water are mixed. The parts by volume of ethyl alcohol are the same as percent by volume of ethyl alcohol used to determine proof for tax 
purposes. Ethy! alcohol proof, by legal definition, is twice the percent by volume. 

(continued) 
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Table 6.36: (continued) 


U.S. PROOF PARTS BY VOLUME” OF WEIGHT % SPECIFIC GRAVITY | — — |] 
degrees | ETHYL at 60°/60°F at 68°/68°F at 77°/77°F 
at 60 F WATER ETHYL ALCOHOL ALCOHOL (15.56°/15.56°С) (20°/20°С) (25°/25°С) 
42.18 61.5 53.65 = 9100 
41.67 62.0 54.15 9088 
41.16 62.5 54.66 9077 
40.65 63.0 ° 55.16 9065 


40.14 63.5 55.67 .9054 
39.62 64.0 56.18 .9042 



















































































































































*The parts by volume of water and the parts by volume of ethyl alcohol do not add to unity (100) at any one proof reading, because of the shrinkage in volume which 
occurs when ethyl alcohol and water are mixed. The parts by volume of ethyl alcohol are the same as percent by volume of ethyl aicoho! used to determine proof for tax 
purposes. Ethyl alcohol proof, by iega! definition, is twice the percent by volume. 


(continued) 
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Tabie 6.36: (continued) 





U.S. PROOF PARTS BY VOLUME* OF WEIGHT % SPECIFIC GRAVITY 

degrees ETHYL at 60°/60°F at 68°/68°F at 77°/77°F 
Ba | өз ao | ве 
19.10 | 8472 





| со 
о 
ја 
-4 
N 
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i 
| 
Сл 
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N 
со 
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174 8432 8400 8367 
175 8416 8385 8351 


8401 8369 ‚8335 


176 | _ 88. 
177 | | 8385 8353 8319 


8353 8321 8287 
8336 ‚8305 8271 










































































180 
181 8320 8288 8254 
182 8303 8271 
8286 8254 
186 8233 8201 
188 8196 8164 
ШЕГЕН 91.72 8178 8146 
| 9242 8158 8126 
191 i 9314 . 8138 8107 
r Гнев Гана 
" 
T 7990 
19: 7944 
200 





U.S. Department of Commerce. STANDARD DENSITY AND VOLUMETRIC TABLES. CtRCULAR OF THE BUREAU OF STANDARDS NO. 19 (Washington: U.S. Government Printing Office, 1924) 
рр. 8. 94 18 


U.S Treasury Department, GAUGING MANUAL EMBRACING INSTRUCTIONS AND TABLES FOR DETERMINING THE QUANTITY OF DISTILLED SPIRITS BY PROOF AND WEIGHT 
(Washington: U.S. Government Printing Office. 1970). % 


Specific Gravity at 20°;20°C and 25*/25*C from Tabie 52.003, OFFICIAL METHODS OF ANALYSIS OF THE ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS, Twelfth Edition, 1975. 


" The parts by volume of water and the parts by voiume of ethyl aicoho! do not add to unity (100) at any one proof reading, because of the shrinkage in volume which occurs when ethyl alcohol and 


water are mixed. The parts by volume of ethyl alcohol are the same as percent by volume of ethyl alcoho! used to determine proof for tax purposes. Ethyl alcohol proof. by legal definition, is twice 
the percent by volume. 


Table 6.37: Specially Denatured Alcohols (30) 


AUTHORIZED COMPOSITION: 


pS | жағ — — | so || 2B-1 | Test Method — | Method 


To every 100 gallons of alcoho! add: 
Methyl Alcohol, gallons 
Denatonium Benzoate, М.Е. аудр. 02. 
Methyl isobutyl Ketone. gallons 
Benzene, gallons 
Rubber Hydrocarbon Solvent. gallons 
Toluene, gallons 
Metallic Sodium, pounds 


FORMULATION: Anhydrous 190° Anhydrous 190: Anhydrous 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 


SPECIFICATIONS: 
Specific gravity @ 15.56°C’15.56°C (60°F. 60°F) 
@ 20°C. 20°C 
@ 25°C. 25°C 







































































0.8144 0.8156 
0.8113 0.8124 
0.8078 0.8090 


0.7934 07944 
0.7902 0.7912 
0.7868 0.7879 


08142 0.8154 
08111 0.8122 
08076 0.8088 


0.7934 0.7944 
0.7902 0.7912 
0.7868 0.7879 


0.8154 08166 
0.8122 0.8134 
0.8088 0.8100 

























Acidity. wt/wt% as acetic acid — 0.0025 — 0.0025 — 0.0025 — 0.0025 0.0025 ASTM D-1613 
Non-volatile matter, grams. 100 ml — 0.0025 — 0.0025 -- 0.0025 — 0.0025 -- 0.0025 АЗТМ 0-1353 
Color, Pt-Co — 10 — 10 — 10 — 10 — 10 ASTM D-1209 
Water content, vol/vol °o — — 0.10 = — 0.10 == ASTM D-1364 
Odor Typical Typical Organoleptic 





TYPICAL PROPERTIES: 
Apparent proof at 60°F 
Composition wt/wt 
Ethyl Alcohol 
Methyl Aicoho! 
Denatonium Benzoate 
Methyl !sobuty! Ketone 
Benzene 
Rubber Hydrocarbon Solvent 
Тоџепе 
Metallic sodium 
Water 
Coefficient of expansion 
Per 1°C 
Рег 1+ 
Flash point 
Tag closed cup 


I.R.S. Gauging Manual 







0.0011 
0 0006 









ASTM D-56 





12 
53 








Е: 
Tag open cup 






ASTM D-1310 






22 
71 






F 2 
Pounds per gallon @ 60 F. per 27 CFR 212.115 
Shipping containers 
Tank cars 
Tank trucks 
Drums 
Pails 





Comments: 


1. Wood alcohol is an authorized denaturant for SDA 1 (27 CFR 212.16) but itis of no present commerciat importance. 
2. This formula must be used in a closed end continuous system uniess it is shown that it 5 not practical to do so. 
3. Determined by 0.61. | | 
4. 27 CFR 212.18 authonzes the use of one-half gallon rubber hydrocarbon solvent or toluene in lieu of benzene. Metallic sodium in excess of 33 pounds is also authorized. SDA А 
2C is only Supphed in the anhydrous formulation. it must be used in a closed and continuous system unless it is shown that it is not practical to do so. (continued) 
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Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


To every 100 gallons of alcohol add: 
Methyl Aicohol, gallons 
Denatonium Benzoate, N.F. амдр. ог. 
Methyl Ilsobutyl Ketone. gallons 
Benzene, gallons 
Rubber Hydrocarbon Solvent. gallons 
Toluene, gallons 
Metallic Sodium, pounds 










FORMULATION: 
Min. 


SPECIFICATIONS: 

Specific gravity @ 15.56°C 15.56 С (60 Е 60Р) 
@ 20°C 20°C 
@ 25°С 25 С 


Acidity. wt, wt?o as acetic acid 
Non-volatile matter. grams 100 ml 
Color. Pt-Co 

Water content, vol/vol °o 

Odor 


TYPICAL PROPERTIES: 
Apparent proof at 60°F 
Composition wt'wt% 
Ethy! Alcohol 
Methyl Alcohol 
Denatonium Benzoate 
Methyl Isobutyi Ketone 
Benzene 
Rubber Hydrocarbon Solvent 
Toluene 
Metallic sodium 
Water 
Coefficient of expansion 
Per1 C 
Pert F 
Flasn point 
Tag closed cup 
Č 


F 
Tag open cup 


F 
Pounds per gallon @ 60 F рег 27 СЕН 212 115 
Shipping containers 
Tank cars 
Tank trucks 
Drums 
Pails 


Comments 


_ Determined by U.S. 


awn ~ 















„ок е 


Wood alcohol is an authorized denaturant for SDA 1 (27 CFR 212.16) but it is of no present commercial :mponance 
This formula must be used in a closed end continuous system untess it is shown that it is not practica! to do so 


SDA 2B-2'? 
0.5 
— 0.5 
190* Anhydrous 190° Anhydrous 
Max. Min. Max. Min. Max. Min. Max. 
08156 | 0.7926 0.7936 | 08154 048166 
0.8124 | 0.7895 0.7905 0.8134 
08090 | 0.7862 0.7871 0.8100 
0.0025 ~ 0.0025 0.0025 
0.0025 -- 0 0025 0.0025 
10 — 10 10 
— -- 0.10 
Туріса! 
190.4 2002 
92 03 99 56 
0.42 0.44 
7.55 — 
0.0010 0.0010 
0.0006 0.0006 0.0006 
15 13 16 14 
59 56 61 57 
16 13 21 19 
60 55 69 66 
6.788" 6.606 ? 6.7975 6.6133 


Anhydrous 
Min. Max. 


Турса! 


0.8156 
0.8124 
0.8090 
0.0025 
0.0025 
10 





Anhydrous 
Min. Max. 


0.7934 0 7944 

0.7902 0.7912 

0.7869 0.7879 
0.0025 
0.0025 
10 
0.10 





178.8 


2C is only supplied in the anhydrous formulation. It must be used in a closed and continuous system unless it is shown that it is not practical to do so. 


. 27 CFA 212.18 authorizes the Ј5е of one-half gallon rubber hydrocarbon solvent or toluene in lieu of benzene. Metallic sodium in excess of 33 pounds is also authorized. SDA 


ASTM D-891 


ASTM D-1613 
ASTM D-1353 
ASTM D-1209 
ASTM D-1364 
Organoleptic 











LR.S. Gauging Manual 


ASTM D-56 


ASTM D-1310 


(continued) 
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Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


раже бз [зи чим __ 


To every 100 gallons of alcohol add: 
Nicotine, solution’? gallons 
Pyridine Bases. gallons 
Benzene, gallons 


Rubber Hydrocarbon Solvent, gallons 
Toluene, gallons 
Ethy! Ether, gallons 


FORMULATION: 190° 190° Anhydrous 190° Anhydrous 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 





























SPECIFICATIONS: 
Specific gravity @ 15.56°C/ 15.56°C (60 F 60°F) 






























08181 08193 | 08160 08172 | 0.7939 07949 | 0.8183 0.8194 | 0.7972 0.7986 | АЅТМ 0-891 















































@ 20°C/20°C 08149 08161 | 08128 08140 | 07907 07918 | 08151 0.8162 | 0.7940 0.7955 
@ 25°C/25°C 08115 08126 | 08094 08105 | 0.7873 07884 | 08117 08128 | 07907 0.7921 
Acidity, wt/wt% as acetic acid — 0.0025 | <———___— alkaline — 0.0025 — 0.0025 | ASTM D-1613 
Non-volatile matter, grams/100 ml -- 001 -- 0.0025 - 0.0025 — 0.0025 - 0.0025 | ASTM D-1353 
Color, Pt-Co Вие -- 30 — 30 — 10 -- 10 ASTM D-1209 
Water content, мої: мої Зо — — — — | — — — 0.10 ASTM D- 1364 
or Typical Typical Typical Organoleptic 























TYPICAL PROPERTIES: 
Apparent proof at 60°F 
Composition, wt/wt? 
Ethyl! Alcohol 
Nicotine 
Methylene Blue 
Pyridine Bases 
Benzene 
Rubber Hydrocarbon Solvent 
Toluene 
Ethyl Ether 
Water 
Coefficient of expansion 
Per 1°C 
Per 1°F 
Flash point 
Tag closed cup 


Е- 
ae cup 





1.А.$. Gauging Manual 








АЗТМ 0-56 





АЗТМ 0-1310 


Pounds per galion @ 60°F. per 27 CFR 212 115 


Shipping containers 
Tank cars 

Tank trucks 

Drums 

Pails 


Comments: 


1. SDA 38, prepared by the addition of one gallon pine tar N F. to every 100 gallons alcohol, is an ATF authorized formulation. Because of very limited use. it is not discussed in 
this book. 
2. Nicotine Solution Composition: Five дайол of an aqueous solution containing 40 percent nicotine and 3.6 av ounces of methylene blue N.F., plus sufficient water to make 100 
gallons. 
. Available in 190 formulation only. 
_ Determined by U.S.1. | ! | inued) 
. SDA 17. prepared by the addition of 0.05 gailon (6.4 fluid ounces) of bone oil (Dipple's Oil) to every 100 galtons alcohol, is an ATF authorized formulation. Because of very (continue 
limited use it is not discussed in this book. 


сл» с 
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Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


To every 100 gallons of alcohol add: 
Nicotine, solution?! gallons 


Pyridine Bases, gallons 

Benzene, gallons 

Rubber Hydrocarbon Solvent, gallons 
Toluene, gallons 

Ethyl Ether, gallons 





M : 190* 
и De ы [мт ы [юш |ы ы ___ 


SPECIFICATIONS: 
Specific gravity @ 15.56°C/15.56°C (60°F /60°F ) 















































08077 0.8189 | 0.7972 0.7986 ASTM D-891 

















20%С/20%С 0.8146 048157 | 0.7940 0.7955 
б 25°C/25°C 0.8111 пос 0.7907 с алаға 
idi wt | | = 0.0 E 
Acidity, wt/wt% as acetic acid = 00025 0 0025 ASTM D-1353 


Non-volatile matter, grams/100 mi 
Color, Pt-Co 

Water content, vol/vol 9o 

Odor 


TYPICAL PROPERTIES: 
Apparent proof at 60°F 
Composition, wi/wt% 
Ethyl Aicohol 
Nicotine 
Methylene Blue 
Pyridine Bases 
Benzene 
Rubber Hydrocarbon Solvent 
Toluene 
Ethyl Ether 
Water 
Coefficient of expansion 
Per 1°C 
Per 1°F 
Flash point 
Tag closed cup 





— 10 ASTM D-1209 


ASTM D-1364 
Organoleptic 





— 10 










I.R.S. Gauging Manual 















1111 








5.07 


сл 
№ 
№ 













7.19 







0.0011 
0.0006 


pe 
















ASTM D-56 





Е“ 
Тад ореп сир 


Е 
Pounds per gallon @ 60°F, per 27 CFR 212.115 


Shipping containers 
Tank cars 
Tank trucks 
Drums 
Pails 






ASTM D-1310 


Comments: 


1. SDA 38, prepared by the addition of one gallon pine tar N.F. to every 100 gallons alcohol, is an ATF authorized formulation. Because of very limited use, it is not discussed in 
this book. 

2 Nicotine Solution Composition: Five gallons of an aqueous solution containing 40 percent nicotine and 3 6 av. ounces of methylene blue N.F., plus sufficient water to make 100 
gallons. 

. Available in 190° formulation only. 

Determined by 0.5.1. 

. SDA 17, prepared by the addition of 0.05 gallon (6.4 fluid ounces) of bone oil (Dipples Oil) to every 100 gallons alcohol, is an ATF authorized formulation. Because of very 
limited use it is not discussed in this book. 


сьо 
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Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


Test Method 





To every 100 gallons of alcohol ада: 
Chloroform, gallons 
Formaldehyde, Solution U.S.P.. gallons 
Acetone. N.F.. gallons 
Salicylic Acid, N.F.. pounds 
Resorcin, U.S.P. pounds 
Bergamot Oil, N.F., gallons 
Metny! Isobuty! Ketone. gallons 


FORMULATION: Anhydrous 190° 190° Anhydrous 
Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum 


уоодризц 5јигај0б jo1aisnpuy 








SPECIFICATIONS: 
Specific gravity @ 15.56°C.15.56’C (60°F 60°F} 0.8282 0.8462 08144 0.8156 0 7949 0.7949 ASTM 0-891 
@ 20°C:20°C 0 8251 0.8431 0.8113 0.8124 0.7908 0.7918 
(д 25%С:25?С 0.8216 0.8398 0.8078 0.8090 0.7874 0.7884 
Acidity. wt'wt% as acetic acid 0 0050 0.010 -- 0.0025 -- 0.0025 ASTM D-1613 
Non-volatile matter. grams: 100 ті 0.0025 0.0025 — 0.0025 — 0.0025 ASTM D-1353 
Color, Pt-Co 10 10 -- 10 - 10 ASTM 0-1209 
Water content, vol: vol % 0.10 -- -- — | — 0.10 ASTM D-1364 
Odor Typical Typical | Organoleptic 
TYPICAL PROPERTIES: 
Apparent proot at 60°F 1726 190 4 199 7 I.R.S. Gauging Manual 
Composition, wt wt°o 
Ethyl Alcohol 81.50 85 73 92.57 
Chloroform 8.5 — — 
Formaldehyde 437 ~ em 
Асе!опе 1.42-Methanol 724 7 43 
Salicylic Actd — — 
Resorcin -- — 
Bergamot Oil = = 
Methyl isobuty! Ketone - — — 
Water ма, 7 7:03 — 
Coefficient of expansion 
Pert C 00011 0.0011 
Per 1'F 0.0006 0.0006 
Flash point 
Tag closed cup ASTM D-56 
C: 6 4 
F 43 40 
Tag open cup ASTM D-1310 
: 16 16 
Е. 60 60 
Pounds per gallon (2 60 F. per 27 CFR 212.115 6 788 6.621 


Shipping containers 
Tank cars 
Tank trucks 
Drums 
Pails 


< “ є r 


Comments 


1 SOA 18. prepared by the addition of 100 gallons ol vinegar of not less than 90-grain strength or 150 gallons of vinegar of not iess than 60-grain strength to every 100 gallons 
of aicohoi :s an authorized formula. It is not discussed in this book because ot imited commercial importance 
2 SDA 19 prepared by the addition of 100 gallons of ethy! ether to every 100 gallons of alcohot :s an authorized formula. Because ot very limited use itis not discussed in this 
book. 
. Available in anhydrous formulation only 
The 199 formulation is typically used 
27 CFR 212 3! aiso authorizes the use of 1 gallon bay oll МЕ. п lieu of the 1 gallon bergamot oit N.F 


{л & шы 


(continued) 


99С 


Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


Specific gravity @ 15 56 С +5 56 C160 F 60 Еј 0.8193 0 8204 0 7964 0.7979 
а 20 С 20 С 0.8161 0.8172 0.7932 0.7948 
(а 25 C 25 C 0 8126 0.8138 0.7899 0.7914 
Acidity. wt wt?c as acetic acid 0.10 0.20 010 0.20 
Non-volatile matter. grams 100 ml N.A МА 
Color. Pt-Co Pale Green Pale Green 
Water content, vol vol ?o зен = "-- 0.40 
Одог Typical 
TYPICAL PROPERTIES: 
Apparent proot at 60 F 187.9 198.6 
Composition, wt wt? 
Ethy! Aicoho! 9091 98.26 
Chloroform || | | | ||| | ||| - 
Formaideh yde RS 
Atetone 2% -- 
Salicytic Acid 0.43 0.45 
Resorcin 0.14 0:15 
Bergamot ОП 106 1.09 
Methy! fsobutyl Ketone ine — 
Water 7 46 — 
Coefficient of expansion 
Регі С 0 0010 0.0010 
Per 1 F 0.0006 0 0006 
Flash point 
Tag closed cup 
C 16 13 
Е 60 56 
Tag open cup 
C 18 18 
Е 65 65 
Pounds per gallon (@ 60 Р 5er 27 CFR 212 115 6 808 6.627 
Shipping containers 
Tank cars No 
Tank trucks No 
Drums No | 
Pails , —Polyethylene lined 
Comments 


1 


(9%) 


To every 100 gallons of aicoho! add 
Chloroform, gailons па 
Formaldehyde. Solution U S P.. gallons em 
Acetone. N.F . gallons -- 
басуйс Acid. N.F . pounds 3 
Resorcin. USP. pounds 1 
Bergamot Oi, N.F.. galions 1 
Methy! Isobutyl Ketone gallons = 


FORMULATION: 190° Anhydrous 


Minimum Maximum Minimum 


SPECIFICATIONS: 





Maximum 











Anhydrous 
Minimum Maximum Minimum Maximum 


——— б ee аат сета е Ст рата ар Нето mie чн 























0.8152 ASTM 0-891 



























0.8109 0.8120 
0.8074 0.8086 
— 0.0025 ASTM O-1613 
— 0.0025 ASTM D-1353 
— 10 ASTM O-1209 
ve — ASTM D-1364 
Typical Organoleptic 








i R.S. Gauging Manual 


ASTM D-56 


ASTM D-1310 


SDA 18. prepared by the addition of 100 galtons of vinegar of nc: ‘ess than 90-grain strength or 150 gailons of vinegar of not iess than 60-дгат strength to every 100 gallons 
of alcohol is an authorized formula It is not discussed in this boos because of limited commerciai -“ponance 


SDA 19 prepared by the addition of 100 gallons cf ethy! ether to every 100 gattons of atcohol:s an authorized formula Because of very imited use itis not discussed in this 


DOOk. 

Available in annydrous formuienon only 

The 190 !ormutation is typica yv used 

27 CFR 212 31 aiso authorizes the use of ! gallon bay Oi NF n heu of tne 1 gallon bergamct o4 N F 


(continued) 
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Table 6.37: (continued) 











AUTHORIZED COMPOSITION: 
Sodium lodide, U.S.P., pounds 
Water, pounds 
Rosemary Oil, N.F., gallons 
Camphor, U.S.P.. pounds 
Clove Oil, U.S.P., gallons 


р ванн "С 
Lavender Oil, U.S.P., gallons 


мы” - 
To every 100 gallons of alcohol add: 
Medicinal Soft Soap, U.S.P. pounds ? 


lodine, U.S.P., pounds 
FORMULATION 
інки T Maro вва T EE Minen. T MEINT Mom. ғу Шайды 


Potassium lodide, U.S.P., pounds 
SPECIFICATIONS: 



































































Specific gravity @ 15.56°C/15.56°C (60°F /60°F) 0.8491 0.8521 0.8494 0.8523 0.8535 0.8564 0.8541 0.8571 ASTM D-891 
20°C/20°C 0.8460 0.8490 0.8463 0.8492 0.8504 0.8533 0.8510 0.8539 
25°C/25°C 0.8426 0.8456 0.8429 0.8459 0.8471 0.8500 0.8476 0.8506 
Acidity, wt/wt% as acetic acid — -- -- — — — — = ASTM D-1613 
Non-volatile matter, grams/100 mi — — — -- -- — — = ASTM D-1353 
Color. Pt-Co Deep Red-Brown Deep Red-Brown Deep Red-Brown Deep Red-Brown ASTM D-1209 
Water content, vol/vol % — — -- — — — — = ASTM D- 1364 
Odor Typical Typical Typical Typical Organoleptic 
TYPICAL PROPERTIES: 
Apparent proof at 60°F 169.1 168.9 166.1 165.7 1.R.S. Gauging Manual 
Composition, wt/wt% 
Ethyl Alcohol 87.90 87.90 86.09 86.09 
юдпе 2.80 2.80 2.74 2.74 
Potassium lodide 2.10 — 2.06 — 
Sodium lodide — 2.10 — 2.06 
Rosemary Oil — — — — 
Сатрпог -- — — — 
Clove Oil -- — — — 
Lavender Oil — — -- = 
Soft Soap -- — — 
Water 7 20 7.20 9.11 9 11 
Coefficient of expansion 
Рег 1-С 0.0010 0.0010 0.0010 0.0010 
Per 1°F 0.0006 0.0006 0.0006 0.0006 
Fiash Point 
"ed closed cup ASTM D-56 
d 16 16 16 16 
E: 60 60 60 60 
"ад ореп сор ASTM D-1310 
s 18 18 18 18 
F° 65 65 65 65 
Pounds per galion @ 60°F. per 27 CFR 212.115 7.080 7.083 7.119 7.117 
Shipping containers 
Tank cars No No No то 
Tank trucks No No No 
Drums 50 galion, polyethylene returnable drums only 50 ра polyethylene returnable ота опіу 
Pails No No No 


Comments: 


1. These SDA s typically supplied only in the 190? formulation 
2. Therequirements of this formula may be met by adding 66.5 pounds of U.S.P. quality soap concentrate containing 25 percent water to 100 gallons of alcohol and, after mixing, 
by adding thereto 33.5 pounds of water and mixing again. 


(continued) 
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Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


To every 100 gailons of alcohol add: 
lodine, U.S.P., pounds 
Potassium lodide, U.S.P., pounds 
Sodium lodide, U.S.P., pounds 
Water, pounds 
Rosemary Oil, N.F., gallons 
Camphor, U.S.P., pounds 
Clove Oil, U.S.P., gallons 
Lavender Oil, U.S.P., gallons 
Medicinal Soft Soap, U.S.P. pounds '?' 


FORMULATION: 190° Anhydrous 190° 190° 
Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum 


SPECIFICATIONS: 










||-а | ||| | 





















































Specific gravity @ 15.56°C/15.56°C (607Е:60"Е) 0.8202 0.8240 0.8408 0.8448 ASTM D-891 
(2 20%С/20%С 0.8170 0.8207 0.8377 0.8417 
@ 25°C/25°C 0.8136 0.8172 0.8343 0.8383 
Acidity. wt/wt% as acetic acid == 0.005 — — АЗТМ 0-1613 
Non-volatile matter, grams; 100 ml МА — — ASTM D-1353 
Color, Pt-Co — 40 ASTM D-1209 
Water content, vol’vol % = = ASTM D-1364 
Odor Typical Typical Organoleptic 




































TYPICAL PROPERTIES: 
Apparent proof at 60°F 
Composition, wt/wt?o 
Ethyl Alcohol 
lodine 
Potassium lodide 
Sodium lodide 
Rosemary Oil 
Camphor 
Clove Oil 
Lavender Oil 
Soft Soap 
Water 
Coefficient of expansion 
Per 1'C 
Рег 1+ 
Flash Point 
јад closed cup 





I.R.S. Gauging Manual 






ASTM D-56 


F^ 
Tag open cup 
e 


F^ 
Pounds per gallon @ 60°F, per 27 CFR 212.115 
Shipping containers 
Tank cars 
Tank trucks 
Drums 
Pails 






ASTM D-1310 


X = resin lined containers only. 


Comments: 


1 These SDA s typically supplied only in the 190° formulatior: 
2 Therequirements of this formula may be met by adding 66. 5 pounds of U S P. quality soap concentrate containing 25 oercent water to 100 galions of alcohol and. after mixing, 


by adding thereto 33 5 pounds of water and mixing again. (conti nued) 
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Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


CS 


To every 100 gallons of aicohol add: 
Gasoline, gallons 


Ethyl Acetate, gallons 
Methyl Alcohol, gallons 
Ethy! Ether, gallons 





FORMULATION: Anhydrous 190° Anhydrous 190° 
Minimum Maximum (| Minimum Maximum | Minimum Maximum {| Minimum Maximum 


SPECIFICATIONS: 

Specific gravity @ 15.56°C/15.56°C (60°F /60°F) 0.8172 
20°C/20°C 0.8140 
25°C/25°C 0.8105 

Acidity, wt/wt% as acetic acid 0.0025 

Non-volatile matter, grams/100 mi 0.0025 

Color, Pt-Co 10 

Water content, vol/vol % -- 


Одог Турка! 


TYPICAL PROPERTIES: 
Apparent Proof at 60°F 
Composition wt/wt% 
Ethyl Alcohol 
Gasoline 
Ethyl Acetate 
Methyl Alcohol 
Ethyl Ether 
Water 
Coefficient of expansion 
Per 1°C 
Per 1°F 
Flash point 
192 closed cup 


F^ 
Tag open cup 
F° 


60 
Pounds per gallon @ 60°F. per 27 CFR 212.115 6.801" 


Shipping containers 
Tank cars 


Tank trucks 
Drums 
Pails 


Comments: 


1 


2. 


This SDA typically supplied only in the anhydrous formulation. 


0.8101 
0.8066 


0.8146 
0.8115 
0.8080 
0.0025 
0.0025 
10 


Typicat- 


This formulation, typically used for vinegar manufacture, is but one of many which is of commercial importance. Other denaturants may be approved by the ATF director, 


provided the proposed denaturant be not less than 6.8 pounds otf solid, or 1 gallon of liquid to 100 gallons alcohol. This formula is restricted to processes in which the alcohol 


loses its identity by being converted to other chemicals. 


. SDA 31A, prepared by the addihon of 100 pounds of glycerol, U.S.P. and 20 pounds of hard soap, N.F to 100 gallons aicohol is an ATF authonzed formulation. Because 


ol very limited use it is not discussed in this book. 


. SDA 33, prepared by the addition oí 30 pounds of methyl violet or methyl violet U S.P. to 100 gallons aicohol is an ATF authorized formulation. Because of very imited 


use it is not discussed in this book. 


. SDA 35, prepared by the addition oi 29.75 gallons of ethyl acetate having an ester content of 100 percent by weight or the equivalent thereof not to exceed 35 gallons of ethyl 
acetate with an ester content of not less than 85 percent by weight to 100 gallons alcohol is an ATF authorized formulation. Because of very limited use it is not discussed 


within this book. 
. Determined by U.S.. 


ASTM D-891 


ASTM D-1613 
ASTM D-1353 
ASTM D-1209 
ASTM D-1364 
Organoleptic 


I.R.S. Gauging Manual 


ASTM D-56 


ASTM D-1310 





(continued) 
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Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


р шшш 


To every 100 gallons of alcohol add: 
Gasoline, gallons 

Ethyl Acetate, gallons 

Methyl Alcohol, gallons 

Ethyl Ether. gallons 









190^ Anhydrous 190* Anhydrous 
Minimum Maximum | Minimum Maximum | Minimum Maximum | Minimum Maximum 


SPECIFICATIONS: 


Specific gravity @ 15.56°C/15.56°C (60°F /60°F) 0.7944 0.8122 0.8134 0.7911 0.7921 0.8196 ASTM D-891 
20°C/20°C 0.7912 0.8091 0.8103 0.7879 0.7889 0.8164 
25°C/25°C 0.7879 0.8056 0.8068 0.7845 0.7855 0.8130 
Acidity, wt. wi% as acetic acid 0.0025 — 0.0025 -- 0.0025 0.0025 ASTM D-1613 
Non-volatile matter, grams/100 ml 0.0025 -- 0.0025 — 0.0025 0.0025 АЗТМ 0-1353 
Color, Pt-Co 10 — 10 — 10 10 ASTM D-1209 
Water content, vol/vol % . 0.20 - - — 0.20 = ASTM D- 1364 
Odor Typical Typical Typical Organoleptic 
TYPICAL PROPERTIES: 
Apparent Proof at 60°F 199.9 191.5 > 200 I.R.S. Gauging Manua! 
Composition wt/wt% 
Ethyl Alcohol 90.88 88.59 95.73 
Gasoline 
Ethyl Acetate 
Methyl! Alcohol 9.12 
Ethyl Ether 4.13 4.24 
Water 7.28 0.03 
Coefficient of expansion 
Рег 1°С 0.0011 0.0011 
Per 1°F 0.0006 0.0006 
Flash point 
Тад closed cup АЗТМ 0-56 
° 74 -9 
F^ 25 15 
тай ореп сир ASTM D-1310 
e -4 -9 
Е- 25 15 
Pounds per gallon @ 60°F. per 27 CFR 212.115 6.769 6.593 


Shipping containers 
ank cars 
Tank trucks 
Drums 
Pails 


- « 7 € 





Comments: 


1. This SDA typically supplied only in the anhydrous formuiation, 

2. This formulation. typically used for vinegar manufacture, is but one of many which is of commercial importance. Other denaturants may be approved by the ATF director, 
provided the proposed denaturant be not less than 6.8 pounds of solid. or 1 gallon of liquid to 100 gallons alcohol. This formula is restricted to processes in which the alcohol 
loses its identity by being converted to other chemicals. 

3. SDA 314A. prepared by the addition of 100 pounds of glycerol, U.S.P. and 20 pounds of hard soap. N.F. to 100 gallons alcohol is an ATF authorized formulation. Because 
of very limited use it is not discussed in this book. 

4. SDA 33, prepared by the addition of 30 pounds of methyl violet or methyl violet U.S.P. to 100 gallons alcohol is an ATF authonzed formulation. Because of very limited 
use it is not discussed in this book. 

5. SDA 35, prepared by the addition of 29.75 gallons of ethyl acetate having an ester content of 100 percent by weight or the equivalent thereof not to exceed 35 gallons of ethyl 
acetate wth an ester content of not less than 85 percent by weight to 100 gallons alcohol is an ATF authorized formulation. Because of very limited use it is not discussed 
within this book. 

6. Determined by U.S.I. 


(continued) 
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Table 6.37: (continued) 
AUTHORIZED COMPOSITION: 


To every 100 gallons of alcohol add: 

Ammonia, eous, 27 to 30 percent by 
weight, gallons 

Eucalyptoi, U.S.P., fluid ounces 
Thymol N.F. avdp. ounce 
Menthol, U.S.P., avdp. ounce 
Formaldehyde Solution, U.S.P., gallons 
Boric Acid, U.S.P., pounds 
Chlorothymol, N.F., pounds 


FORMULATION: 
Minimum Maximum 


SPECIFICATIONS: 

Specific gravity @ 15.56°C/15.56°C (60°F 60°F) 
@ 20°C/20°C 
@ 25°C/25°C 

Acidity, wt/wt% as acetic acid 

Non-volatile matter, grams/ 100 mi 

Color, Pt-Co 

Water content, vol/vol % 

Odor 


TYPICAL PROPERTIES: 
Apparent proof at 60°F 
Composition, wt/wt% 
Ethyl Alcohol 
Ammonia 
Eucalyptol 
Тћуто! 
Menthol 
Formaldehyde 
Boric Acid 
Chlorothymol 
Water 
Coefficient of expansion 
Per t^C 
Per 1°F 
Flash point 
Тад closed сир 









































Minimum Maximum 









N/A 







Typical 


























187.9 











89.46 
0.91 





F 2 
"89 ореп сир 


Е- 
Pounds per gallon (2 60°F, per 27 CFR 212.115 
Shipping containers 

ank Cars 
Tank trucks 
Drums 
Pails 


Comments: 


1. This SDA typically supplied only іп the 190° proof formulation 


2. Alternate denaturants inciude: З даїоп5 of strong ammonia solution, U.S.P.; 17.5 pounds of caustic soda, liquid grade, containing 50 percent sodium hydroxide by weight; or 


12.0 pounds of caustic soda, fiquid grade containing 73 percent sodium hydroxide by weight to 100 gallons alcohol. 


TYPICAL SDA 388 


Denaturant 10 165. 


190° 


200° 


see Table 6.37 


Denaturant 1.45 


7.47 


0.0010 
0.0006 


6.804 


<. 


ME 


(20 (20<. <.. 
= 


1.49 


0.0010 
0.0006 


6.622 


3. 27 CFR 212.51 aiso authorizes the use of 7 pounds of boric acid U.S.P. and a total of 3 pounds of any two or more denaturing materials listed under Formula No. 38-B. 


4, The use of Polysorbate * 80 is an authorized replacement for boric acid. 


Test Method 


yooqpuvH 5јизај0б ppoigsnpuy 


ASTM D-891 


ASTM D-1613 
ASTM D-1353 
ASTM D-1209 
ASTM D-1364 
Organoleptic 


I.R.S. Gauging Manual 


ASTM D-56 


ASTM D-1310 





(continued) 


CLC 


AUTHORIZED COMPOSITION: 


Ca S04 00 SOA з 


To every 100 gallons of alcohol add: 

Ammonia, aqueous, 27 to 30 percent by 

weight, gallons = 
Eucalyptol, U.S.P., fluid ounces = 
Thymol N.F. avdp. ounce = 
Menthol, U.S.P., avdp. ounce 10 Ibs 
Formaidehyde Solution, U.S.P., gallons 1.25 
Boric Acid,” U.S.P., pounds ле 
Chlorothymol, N.F., pounds == 











FORMULATION: | 190° 190° 
Minimum Maximum Minimum Maximum Minimum Maximum 
SPECIFICATIONS: 
Specific gravity @ 15.56°C/15 56°C (60°F 60°F) 0.8202 0.8217 | | ASTM О-891 
(@ 20°С/20°С 0.8170 0.8185 0.8200 
@ 25°C/25°C 0.8136 0.8151 0.8165 
Acidity, wt/wt°o as acetic acid = 0.005 — | ASTM D-1613 
Non-volatile matter, grams/100 mi NiA N/A ASTM 0-1353 
Color, Pt-Co pi 10 ASTM D-1209 
Water content, vol/vol % VER == АЗТМ 0-1364 
Одог Турка! Турка! | Organoleptic 
TYPICAL PROPERTIES: 
Apparent proof at 60°F 187.3 185.5 I.R.S. Gauging Manual 
Composition, wt/wt% 
Ethyi Aicohol 89.60 89.11 
Ammonia 
Eucalypto! 
Тћуто! 1.43 0.35 
Menthol 0.60 1.20 
Formaldehyde 0.19 Methanol 0.39 Methanol 
Boric Acid 
Chlorothymol 
Water 8.18 8.95 
Coefficient of expansion 
Per 1°C 0.0010 0.0010 
Flash point 
Tag closed cup ASTM D-56 
2 17 17 
F^ 62 63 
Tag open cu ASTM D- 
d p p i5 25 STM D-1310 
Е? 67 71 
Pounds per gallon @ 60°F, per 27 CFR 212.115 6.832 6.863 
Shipping containers 
ank cars No 
Tank trucks No 4 
Drums X / & X(depending on denaturants) 
Pails X / & X(depending on denaturants) 
баладан қы X = resin lined containers 


1. This SDA typically supplied only in the 190° proof formulation 
2. Alternate denaturants include: 3 gallons of strong ammonia solution, U.S.P.; 17.5 pounds of caustic soda, liquid grade, containing 50 percent sodium hydroxide by weight; or 
12.0 pounds of caustic soda, liquid grade containing 73 percent sodium hydroxide by weight to 100 gallons alcohol. 
3. 27 CFR 212.5! also authorizes the use of 7 pounds of boric acid U.S.P. and a total of 3 pounds of any two or more denaturing materials listed under Formula No. 38-B. : 
4. The use of Polysorbate* 80 is an authorized replacement for boric acid. (continued) 
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ELC 


Comments: > 











Table 6.37: (continued) 
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To every 100 gallons of alcohol add: 
Diethyl Phthalate, gallons 
tert-Buty! Alcohol, gallons 
Brucine Alkaloid, avdp ounces 
Brucine Suitate N.F. IX, avdp ozs. 
Sucrose Octaacetate, pounds 
Denatonium Benzoate, N.F., 
avdp ounces 


SPECIFICATIONS: 
Specific gravity 
(Ә 15.56%С/15.56%С(60%Ғ/60%Ғ) 

20°C; 20°C 
25°С:25°С 

Acidity, wt:wt% as acetic acid 

Non-volatile matter, grams/100 ml 

Color. Pt-Co 

Water content, vol/vol % 

Odor 


TYPICAL PROPERTIES: 
Apparent Proof at 60°F 


Composition wt/wt% 
Ethyl Alcohol 
Diethyi Phthalate 
tert-Buty! Alcohol 
Brucine Alkaloid 
Brucine Sulfate 
Sucrose Octaacetate 


Denatonium Benzoate 
Water 

Coefficient of expansion 
Per 1°C 
Per 1°F 

Flash point 
Тад closed cup 


Е? 
Tag open cup 


F° 

Pounds per gallon 

@ 60°F. per 27 CFR 212.115 
Shipping containers 

Tank cars 

Tank trucks 

Drums 

Pails 


0.8228 0.8238 
0.8196 0.8207 
0.8162 0.8172 
= 0.0050 
МА 
20 


FORMULATION: 190° 
Min. Max. 


Anhydrous 
Min. Max. 


0.8028 0.8038 
0.7997 0.8007 
0.7963 0.7972 
- 0.0050 
МА 
20 
0.10 


190? 
Min. Max. 


0.8182 0.8192 
0.8149 0.8161 
0.8155 0.8126 

— 0.0050 


















Anhydrous 
Min. Max. 


0.7964 0.7979 
0.7932 0.7948 
0.7899 0.7914 
— 0.0050 
М/А 
— 10 
— 0.10 


Турка! 


„8 
eO 
-- 


ЕЕ 





190“ 
Min. Max. 


Anhydrous 


Min. 


0.8150 0.8164 | 0.7934 0.7944 
08122 0.8132 | 0.7902 0.7912 
0.8088 0.8098 | 0.7868 0.7879 
— 00025} — 0.0025 
— 0.020 — 0.020 
= 10 Se 10 
= — = 0.10 
Турка! 
190.0 199.9 
92.30 99.87 
12 0.12 
0.014 0.014 
7.57 — 
0.0010 0.0011 
0.0006 0.0006 
16 13 
61 56 
18 16 
65 60 
6.795 6.611 
/ 
/ 
v 
v 


1. SDA 39, prepared by the addition of 9 pounds of sodium salicylate or salicylic acid U.S.P., 1.25 gallons fluid extract of quassia, N.F. VII and vs gallon of 
tert-butyl alcohol to every 100 gallons alcohol, is an ATF authorized formulation. Because of very limited use it is not discussed in this book. 
2. SDA 39A, prepared by the addition of 60 avdp. ounces of any of the following alkaloids or salts together with % galion of tert-buty! alcohol: quinine N.F., 
quinine bisulfate N.F., quinine hydrochloride, U.S.P. cinchonidine, cinchonidine sulfate, N.F. IX to every 100 gallons alcohol, is an ATF authorized 
formulation. Because of very limited use it is not discussed in this book. 
3. SDA 39D, prepared by the addition of one gallon bay oil N.F. and either 50 avdp ounces of quinine sulfate, U.S.P., 50 avdp ounces of quinine bisulfate, 
N.F., or 200 avdp. ounces sodium salicylate, U.S.P. to every 100 gallons alcohol, is an ATF authorized formulation. Because of very limited use it is not 


discussed in this book. 
4. Determined by U.S.I. 


5. This formula shali be used only in the manufacture of products which will be packaged in pressurized containers in which the liquid contents are in intimate 
contact with the propellant and from which the contents are not easily removable in liquid form. 





ASTM D-891 


ASTM D-1613 
ASTM D-1353 
ASTM D-1209 
ASTM D-1364 
Organoleptic 


I.R.S. Gauging 
Manua! 


ASTM D-56 


ASTM D-1310 


(continued) 
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Comments: 





Table 6.37: (continued) 


AUTHORIZED COMPOSITION: SDA 40-2 SDA 40B SDA 40C © Test Method 


To every 100 gallons of alcohol add: 
Diethy! Phthalate, gallons — 
tert-Butyl Alcohol, gallons 
Brucine Alkaloid, avdp ounces 







Brucine Sulfate N.F. 1X, avdp ozs. 11% 

Sucrose Octaacetate, pounds 

Denatonium Benzoate, N.F., 
avdp ounces 


засы 1/ аи 
FORMULATION: 190° Anhydrous 190° Anhydrous 190° Anhydrous 190° Anhydrous 
Min. Max. Min. Max. Min. Max. Min. Max. | Min. Max. Min. Max. | Min. Max. Min. Max. 


SPECIFICATIONS: 














Specific gravity 
(а 15.56°C/15.56°C(60°F /60°F) 0.8154 0.8164 | 0.7934 07944 0.8170 10.7939 0.8160 | 0.7829 07939) А5ТМ 0-891 
@ 20°C/20°C 08122 08132 |07902 07912 0.8138 | 0 7908 08128 | 0.7898 0 7908 
@ 25°C/25°C 0.8088 0.8098 | 07868 0.7879 0.8104 | 0.7874 0.8094 | 0.7864 0.7874 
Acidity, wt/wt% as acetic acid -- 0.0050 — 0.0050 0.0025 | 0.0025 0.0025 | АБТМ 0-1613 
Non-volatiie matter, grams/100 ml — 0.020 -- 0.020 0.16 | 0.0025 0.0025 | А5ТМ 0-1353 
Color, Pt-Co —- 10 — 10 10 — 10 10 10 ASTM D-1209 
Water content, vol/vol % -- -- -- 0.10 — | — 0.10 ASTM D-1364 
Odor Typical Typical Organoleptic 
TYPICAL PROPERTIES: 
Apparent Proof at 60°F 190 0 199.9 I.R.S. Gauging 
Manual 
Composition wt/wt?o 
Ethyl Alcohol 92 30 99 87 
Diethyl Phthalate == 
tert-Butyl Alcohol 0.12 0 12 
Brucine Alkaloid -- - 
Brucine Sulfate 0.014 0.014 
Sucrose Octaacetate — — 
Denatonium Benzoate — == 
Water 757 -- 
Coefficient of expansion 
Per 1°C 0.0010 0.0010 
Per 1°F 0.0006 0 0006 
Flash point 
Tag closed cup ASTM D-56 
C° t6 13 
Бо 61 56 
Тад ореп сир ASTM 0-1310 
& 18 16 
F° 65 60 
Pounds per gallon 
@ 60°F, per 27 CFR 212.115 6 7954 6611" 
Shipping containers 
Tank cars У 
Tank trucks v 
Drums v 
Pails ; 


. SDA 39, prepared by the addition of 9 pounds of sodium salicylate or salicylic acid U.S.P., 1.25 gallons fluid extract of quassia, N.F. Vil and Ya galion ot 
tert-butyl alcohol to avery 100 gallons alcohol, is an ATF authorized formulation. Because of very limited use it is not discussed in this book. 

2. SDA 39A, prepared by the addition of 60 avdp. ounces of any of the following alkaloids or salts together with Vs galion of tert-butyl alcohol: quinine N.F., 
quinina bisultate N.F., quinine hydrochloride, U.S.P. anchonidine, cinchonidine sulfate, N.F. iX to every 100 gallons alcohol, is an ATF authorized 
formulation. Because of very limited use it is not discussed in this book. 

3. SDA 39D, prepared by the addition of one gallon bay oil N.F. and either 50 avdp ounces of quinine sulfate, U.S.P., 50 avdp ounces of quinina bisullate, 


N.F., or 200 avdp. ounces sodium salicylate, U.S.P. to every 100 gallons alcohol, is an ATF authorized formulation. Because of very limited use it is not 
discussed in this book. 
4. Deiermined by U.S.1. 


5. This formula shall be used only in the manufacture of products which will be packaged in pressurized containers in which the liquid contents are in intimate (conti nued ) 
contact with the propellant and (rom which the contents are not easily removable in quid form. 
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Table 6.37: (continued) 


AUTHORIZED COMPOSITION: 


To every 100 gallons of alcohol add: 
Refined Shellac, pounds 
Phenol, U.S.P., fl. ounces 


Methyt Salicylate, U.S.P., fl. ounces 























SPECIFICATIONS: 
Specific gravity @ 15.5671: 5.56С (60%Ғ/60%Ғ) 
20°C/ 


Acidity as acetic acid 

Non-volatile matter, grams/100 mt 
Color, Pt-Co 

Water content, vol/vol % 

Odor 


TYPICAL PROPERTIES: 

Apparent Proof at 60°F 

Composition, wt/wt % 
Ethyl Alcohol 


Shellac 
Phenol 


Methyt Salicylate 


Water 


Coefficient of expansion 
Per 1°C 


Per 1'F 


Flash point 
Tag closed cup 


F° 


eae cup 


F? 


Pounds per gallon @ 60°F. per 27 CFR 212.115 
Shipping containers 

Tank cars 

Tank trucks 


Drums 
Pails 


Comments: 


1. 


21 
7.545 


Мо 


Anhydrous 
Maximum 














18 
7.403 


No 
50 дайоп open load drums 
о 


SDA 42, prepared by addition of (1) 80 grams of potassium iodide, U.S.P. and 109 grams of red mercuric iodide, М.Е; 
(2) 95 grams thimerosal, N.F.; or (3) 76 grams of any of the following: pheny! mercuric nitrate, N.F.; phenyl mercuric 
chloride, N.F. IX or phenyl mercuric benzoate, to every 100 gallons alcohol is an ATF authorized formulation. Because 


of very kmited use it is not discussed in this book. 
. SDA 44, prepared by the addition of 10 gallons of n-butyl alcohol is an ATF authorized formulation. Because of very 


limited use it is not discussed in this book. Specific information may be obtained by contacting any U.S.I. sales office. 


| This formula may be used only by institutions and organizations which are of a semipublic character and engaged in 
charitable work. 


. This formula may be used only by organizations or institutions which are of a semipublic character and engaged in 
charitable work. 


Anhydrous 
. Minimum epus. Minimum Maximum 


0.8166 0.8178 0.7946 0.7954 
0.8134 0.8146 0.7915 0.7925 
0.8100 0.8112 0.7882 0.7892 
— 0.02 — 0.02 
М/А М/А 
- 10 — 10 
— -- -- 0.10 
Түріса! 
189.3 199.4 
9218 99.73 
0.23 0.23 
0.04 0.04 
7.55 — 
0.001 1 0.0010 
0.0006 0.0006 
17 12 
63 54 
21 16 
70 60 
6.805 6.621 
No 
No 
X 
X 





ASTM D-891 


ASTM D-1613 
ASTM D-1353 
ASTM D-1209 
ASTM D-1364 
Organoleptic 


I.R.S. Gauging Manual 


ASTM D-56 


ASTM D-1310 


916 
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Table 6.38: Authorized Denaturants for SDA 38B (30) 


The properties of SDA 38B are as diverse as are the denaturants used in this 
formula and the products formulated with it. 


The authorized composition of SDA 38B requires that 10 pounds of any one, or 
a total of 10 pounds of two or more, of the oils and substances listed below are 
to be added to 100 gallons of alcohol. The authorized denaturants include: 


Anethole, U.S.P. 

Anise oil, U.S.P. 

Bay oil (myrcia oil), N.F. 
Benzaldehyde, N.F. 
Bergamot oil, N.F. 

Bitter Almond oil, N.F. 
Camphor, U.S.P. 

Cedar leaf oil, U.S.P. XIII 
Chlorothymol, М.Е. 

Cinnamic Aldehyde, N.F. IX 
Cinnamon oil (Cassia oil), U.S.P. 
Citronella oil, Natural 

Clove oil, U.S.P. 

Coal tar, U.S.P. 

Eucalyptol, U.S.P. 
Eucalyptus oil, N.F. 
Eugenol, U.S.P. 

Guaiacol, N.F. 

Lavender oil, N.F. 

Menthol, U.S.P. 

Mustard oil, volatile (allyl isothiocyanate) U.S.P. 
Peppermint oil, U.S.P. 
Phenol, U.S.P. 

Pheny] salicylate (Salol), М.Е 
Pine oil, N.F. 

Pine needle oil, dwarf, N.F. 
Rosemary oil, N.F. 
Spearmint oil, N.F. 
Spearmint oil, terpeneless 
Spike lavender oil, natural 
Storax, U.S.P. 

Thyme oil, N.F. 

Thymol, N.F. 

Tolu balsam, U.S.P. 
Turpentine oil, N.F. 
Wintergreen oil (methy] salicylate) U.S.P. 


Because of the virtually infinite number of authorized denaturants and de- 
naturant combinations, only a typical set of properties for SDA 38B have been 
listed 
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Table 6.39: Denaturants Authorized for Completely Denatured Alcohol (CDA) and Specially Denatured 


Alcohoi (SDA) (30) 
DENATURANT 


Acetaldehyde 
Acetone N.F. 
Acetaldol 

Almond oil, bitter N.F. 
Ammonia, aqueous 
Anethole U.S.P. 
Anise oil U.S.P. 


Bay oil (myrcia oil) N.F. S. 
Benzaldehyde N.F. 
Benzene 

Bergamot oil N.F. 
Bone oil (Dipple's oil) 
Boric acid U.S.P. 
Brucine alkaloid 
Brucine sulfate N.F. IX 
n-Butyl aicohol 
tert-Buty! alcohol 


Camphor U.S.P. 

Caustic soda, liquid 

Cedar leaf oil U.S.P. XIII 
Chloroform 

Chlorothymol N.F. 
Cinchonidine 

Cinchonidine suifate N.F. iX 
Cinnamic aldehyde (cinnamaldehyde) N.F. IX 
Cinnamon oil (cassia oil) U.S.P. 
Citronella oil, natural 

Clove oil U.S.P. 

Coal tar U.S.P. 


Denatonium benzoate N.F. (Bitrex) 
Diethyl phthalate 


Ethyl acetate 
Ethyl ether 
Eucalyptol U.S.P. 
Eucalyptus oil N.F. 
Eugenol U.S.P. 


Formaldehyde solution U.S.P. 


Gasoline 
Glycerol U.S.P. 
Guaiacol N.F. 


lodine U.S.P. 


Kerosene 
Lavender oil U.S.P. 


Menthol U.S.P. 

Mercuric iodide, red N.F. 
Methyl aicohol 
Methylene blue N.F. 


S.D.A. 39, 39-A; 39-B; 40; 40-A; 40- 


C.D.A. 18; 19; 20; S.D. 


USED IN 
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S.D.A. 
SDA 38- 


S.D.A. 25; 25-A 


C.D.A. 18; 19; 20 
S.D.A. 27-B; 38-B 


S.D.A. 37; 38-B; 38-C; 38-D; 38-F 
S 


DENATURANT 


Methyl isobutyl ketone 
Methyl normal-butyl ketone 
Methyl violet (methylrosaniline chloride) 


Methyl violet (methylrosaniline chloride) U.S.P. 
Mustard oil, volatile (allyl isothiocyanate) U.S.P. XII 


Nicotine solution 


Peppermint oil U.S.P. 
Phenol U.S.P. 

Phenyl mercuric benzoate 
Phenyl mercuric chloride N.F. IX 
Phenyl mercuric nitrate N.F. 
Pheny! salicylate (salo!) М.Ғ. 
Pine needle oil, dwari N.F. 
Pine oil N.F. 

Pine tar N.F. 

Polysorbate 80 U.S.P. 
Potassium iodide U.S.P. 
Pyridine bases 

Pyronate 


Quassia, fluid extract of N.F. VII 
Quassin 

Quinine N.F. 

Quinine bisulfate N.F. 

Quinine hydrochloride U.S.P. 
Quinine sulfate U.S.P. 


Resorcin U.S.P. 
Rosemary oil N.F. 
Rubber hydrocarbon solvent 


Salicylic acid U.S.P. 
Shellac (refined) 

Soap, hard N.F. 

Soap, Medicina! soft U.S.P. 
Sodium iodide U.S.P. 
Sodium, metallic 

Sodium salicylate U.S_P. 
Spearmint oil N.F. 
Spearmint oil, terpeneless 
Spike lavender oil, natural 
Storax U.S.P. 

Sucrose octa-acetate 


Thimerosai, N.F. 
Thyme oil N.F. 
Thymol N.F. 

Tolu balsam U.S.P. 
Toluene 
Turpentine oil N.F. 


Vinegar 


Wintergreen (Methy! salicylate) U.S.P. 


Primary Denaturants Authorized for Denatured Spirits—Title 27 Code of Federal! Regulations 212.110 


C.D.A. 18; 19; S.D.A. 1; S.D. 
C.D.A. 18; 19; 


USED IN 
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Table 6.40: Uses of Specially Denatured Alcohol* (30) 


PRODUCT OR PROCESS CODE NO. 
Асебашеруйе: ааа ое 551 
ACBUC- BEIG. coss Se rae PR Tob ec in tes 512 
Адћезмез апа ртдег5 .............................. 036 
Aldehydes, miscellaneous ................. ......... 552 
АІКаісі45 (ргосевбсіпа)............................... 344 
Апіта! їееа ѕирріетепї ............................. 910 
Аппрїойс$ (ргосе$5їпО).............................. 343 
Апїйтееге, ргорпе!агу............................... 760 
Antiseptic, bathing solution (restricted) ................ 220 
Antiseptic solutions, U.S.P.orN.Fo .................. 244 
Ва!һ ргерагайопв................................... 142 
BAY TUN ее А ЕЁ з A be ал Ве 112 
Biocides, miscellaneous ............................. 410 
Blood and blood products (processing) ................ 345 
ӘГаКе6лішЕ5 2а ата der tea d ОФ Ира реж да 720 
Candy gla285- 0. asco ку ех T | 015 
Сећшозе соа пда5 .................................. 011 
Cellulose compounds (dehydration) ................... 311 
Сећшове !тегтеа!а(ев. .............................. 034 
Chemicals (miscellaneous) .......................... 579 
Сеаппд 5оіміоп5 .................................. 450 
Соайпд5, пизсећапеоц5 .................. ......... 016 
Соіоаіоп5, іпаиѕіпаі .................. BM тен 034 
Сонодоп5, О Рог МЕ. ............................ 241 
GOlOglT8S rs 13 see fe Cede Para О да қытты кА ated aed 122 
Crude агџд5 (ргосезоптд) ............................ 341 
СОШЛО ОВ: з а а аа ало дв о, 730 
Оећудганоп ргодис 5, пизсеапеоив................... 315 
Оепїпсе$ ......................................... 131 
Deodorants (боду) .................................. 114 
Detergents, ћоџзећоја .............................. 450 
Оеїегдепіѕ, іпаџѕіїгіа! ............................... 440 
ГОеїОПаїог8 р ал ан о еа н авт 574 
Ої$їгпїесїапї$ ....................................... 410 
Drugs апа тедсіпа! сһетіса!і5....................... 575 
Drugs, miscellaneous (processing) .................... 349 
Duplicating шісі ................................... 485 
Dyes апа іпіегтейіаїеѕ ............................. 540 
Dyes and intermediates (processing) .................. 351 
Dye solutions, miscellaneous ......................... 482 
Embalming fluids, etc. ............................... 420 
Esters, ethyl (miscellaneous) нн 523 
SINGER eIDVL s co iocos tre ea ht ee ete ees 561 
Ethers, тівсеһапеоив ............................... 562 
ЕЇђӯГасеаїе: 2..2. ол ои вае еа ЫРЛЫ 521 
Е{һу!атпе<$ ....................................... 530 
Ethyl chloride e Eae Hn rebas Rep at 522 
Ethylene dibromide ..................... упра лото ако oer 571 
Е{һуїепе да5....................................... 572 
Ехр!о5їме$......................................... 033 
External pharmaceuticals (not Ј БР огМЕ)........... 210 
External pharmaceuticals, miscellaneous 

(СШ БР. ОГ МЕД сора али ранецот У анален Apa Me CE Ee 249 
Fluid uses, miscellaneous ........................... 750 
Food products, miscellaneous (processing) ............ 332 
Еџе! џ5е5, пизсећапеош5 ............................ 630 
Риеіз, аігріапе апа зирргететагу .................... 612 
Fuels, automobile and supplementary ................. 611 
Fuels, proprietary ћеа та ........................... 620 
Еџе5, госке[ апда је ................................ 613 
Fungicides ро 410 
Glandular products (processing) ...................... 342 
Hair and scalp ргерагаџопз .......................... 111 
Ногтопев (ргосеввіпа).............................. 342 


FORMULAS AUTHORIZED 
1, 2-В, 29 
+ 2- В, 29, 35-A 
1, 3-A, 12-A, 23-A, 30 
1, 2-B, 29 
1, 2-B, 2-C, 3-A, 12-A, 13-A, 17, 23-A, 30, 32, 35-A 
35- 
1, 2-B, 3-A, 12-A, 13-A, 23-A, 30, 32, 35-A 
1 
46 


23-A, 37, 38-B, 38-F 


1, 3-A, 3-B, 23-A, 30, 36, 38-B, 39-B, 39-C, 40, 40-A, 40-B, 40-C 
23-A, 37, 38-B, 39, 39-B, 39-D, 40, 40-A, 40-B, 40-C 
1, 3-A, 3-B, 23-A, 23-H, 27-A, 27-B, 30, 37, 38-B, 39B, 40, 40-A, 40-B, 40-C 


1, 3-A. 12-A, 13-A, 23-A, 30 
1, 3-A 


13-A, 23-A, 35, 35-A, 45 

1, 23-A, 30 

1, 2-B, 3-A, 32 

1, 3-A, 12-A, 13-A, 19, 23-A, 32 

1, 2-B, 2-C, 3-A, 6-B, 12-A, 13-A, 17, 20, 29, 30, 32, 36 
1, 3-A, 23-A, 23-H, 30, 36, 39-B, 40, 40A, 40-B, 40-C 
1, 23- 

1, 3-A, 12-A, 13-A, 19, 23-A, 32 

13-A, 19, 32 

38-B, 39, 39-A, 39-B, 39-C, 40, 40-A, 40-B, 40-C 

1, 2-B, 3-A, 23-A, 30 

1, 3-A, 12-A 

1, 2-B, 3-A 

31-A, 37, 38-B, 38-C, 38-D 

23-A, 38-B, 39-B, 39-C, 40, 40-A, 40-B, 40-C 

1, 3-A, 23-A, 23- ‚30, 36, 39-В, 40, 40-А, 40-В, 40-С 
1, 3-A, 23-A, 30 

1,6-B 

1, 3-A, 3-B, 23-A, 23-H, 27-A, 27-B, 30, 37, 38-B, 39-B, 40, 40-A, 40-B, 40-C 
1, 2-В, 2-С, 3-A, 6-B, 12-A, 13-A, 17, 29, 30, 32 

1, 2-B, 3-A, 13-A, 23-A, 30, 35-A, 38-B 

1,3-A, 3 

1, 2-B, 2-C, 3-A, 12-A, 29, 36 

1, 2-B, 3-A, 12-A 

1, 3-A, 23-A, 30, 39-C, 40, 40-A, 40-B, 40-C 

1, 3-A, 22, 23-A 

1, 2-B, 2-C, 3-A, 6-B, 12-A, 13-A, 17, 29, 32, 35-A 

1, 2-B, 13-A, 29, 32 

1, 2-B, 13-A, 29, 32 

1, 2-В, 29, 35-А 

1, 2-B. 2-C, 3-A, 12-A, 29, 36 

1, 2-B, 29, 32 

1, 2-B, 29, 32 

1, 2-B, 29, 32 

1, 2-В, 3-А 

23-A, 23-F, 23-H, 27-A, 27-B, 36, 37, 38-B, 38-F, 39-B, 40, 40-A, 40-B, 40-C 
23-A, 25, 25-A, 38-B 

1, 3-А, 23-А, 30 

1, 2-B, 3-A, 13-A, 23-A, 30, 32, 35-A 

1, 3-A, 28-A 

1, 3-A, 28-A 

1, 3-A, 28-A 

1, 3-A, 28-A 

1, 3-A, 28-A 

1, 3-A, 3-B, 23-A, 23-H, 27-A, 27-B, 30, 37, 38-B, 39-B, 40, 40-A, 40-B, 40-C 


1, 2-B, 3-A, 12-A, 13-A, 23-A, 30, 32, 35-A 


3-B, 23-A, 23-F, 23-H, 37, 38-B, 39, 39-A, 39-B, 39-C, 39-D, 40, 40-A, 40-B, 
40-C 
1. 2-B, 3-A, 12-A, 13-A, 23-A, 30, 32, 35-A 


* Other products or processes may be authorized by the Director of the Bureau ot Aicohoi, Tobacco and Firearms, Department of the Treasury, Washington, D.C. 
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Table 6.40: (continued) 


PRODUCT OR PROCESS CODE NO. 
INCENSO. cine do ow anc oa wets eke eR ыда ы Sd d 470 
WARS аа нень прова Вол а АЙЫ ош 052 
Inks (including meat branding)........................ 052 
WIS@CICIGOOS 66 be0c dita Goins Manag Ru EUER DER d 410 
lodine solutions {including U.S.P. and МЕ. tinctures) ....230 
Laboratory reagents (for зае) ........................ 810 
Laboratory uses .................................... 810 
Сасдиег (Пппег5 ................................... 042 
Џптепб (Џ.5.Р. ог МЕ.) ............................ 243 
Lotions and creams (body, face, and hand) ............ 113 
Medicinal chemicals (processing) ..............--..... 344 
Miscellaneous chemicals (processing) ................. 358 
Miscelianeous products (processing) .................. 359 
МОШ Мапе „2.2. ао вео аа ача ао на 132 
Огдапо-ѕіісопе ргойисіѕ ............................ 576 
Pectin (ргосеѕѕіпд) ................................. 331 
Perfume matenals (ргосеѕѕіпд) ....................... 352 
Perfumes and рейите ііпсіигеѕ ...................... 121 
Petroleum ргойисіѕ ................................. 320 
Photoengraving dyes and solutions ................... 481 
Photographic chemicals (processing).................. 353 
Photographic film and emulsions ..................... 031 
РИ апа (абге, тапшасшге ........................... 349 
Plastics, сећшозве................................... 021 
Plastics, non-cellulose (including resins) ............... 022 
Polishes ..... sess LLL LLL Lun 051 
Ргевегуіпд зојшоп5 ................................ 430 
Proprietary solvents (standard formulas) ............... 041 
Ветдеганпд и5е5 .................................. 740 
Resin coatings, пашта! .............................. 014 
Незт соан дз, зупћен с ............................ 012 
Resins, зупћен с ................................... 590 
Воот дводогапЊ .................................. 470 
Возт (ргосе5отд) .................................. 354 
Rotogravure dyes and solutions ...................... 481 
Rubber (!агех) (ргосез5пд) .......................... 355 
Rubber, synthetic ......... Dis dad la eate ано бена пр аи a 580 
Аибђбтд ајсоћо! .................................... 220 
заеп с !побител5 ............................... 710 
ShalTipO0S ии 141 
5һеһас соайп(5.................................... 013 
боарв, іпдшвіпа!.................................... 440 
$оар5,їої!еї ....................................... 142 
Sodium ethylate, anhydrous (restricted) ............... 524 
Sodium hydrosulfite (dehydraticn) .................... 312 
ЗОЮе то Вих ...................................... 035 
Зошоп5, тј сеНапеоив ............................ 485 
Solvents and thinners, miscellaneous ................. 042 
Зомеп!5, ѕресіаі (геѕігісіеа ѕаіе) ..................... 043 
Stains (WOOO): аа б дань 053 
Ѕіегії2іпо ѕоіџїіопѕ ................................. 430 
Тһеаїег ѕргауѕ ..................................... 470 
Tobacco sprays and flavors .................... а 460 
Топе!  маћег5 ....................................... 122 
Transparent зћее пдз.............................. .032 
Опејаззтћед и5е5.................................... 900 
Уасапе (ргосеѕѕіпд) ................................ 343 
УІПВ а. АРЕКЕТ ТЕР ЛЕ анон й ida 511 
Уйатіпѕ (ргосеѕѕіпд) ............................... 342 
малій: он о на 573 
Үеваѕї (ргосеѕѕіпд) .................................. 342 


FORMULAS AUTHORIZED 


22, 37, 38-В, 39-В, 39-С, 40, 40-А, 40-В, 40-С 
, 13-A, 23-A, 30, 32, 33 


А, 32 
"ЗА, 3-B, 23-A, 23-H, 27-A, 27-B, 30, 37, 38-B, 39-B, 40, 40-A, 40-B, 40-C 
5, -А 


> 
оз 


7, 38-В, 39, 39-В, 39-С, 40, 40-А, 40-В, 40-С 


-А, 13-А, 17, 23-А, 30, 32, 35-А 
-А, 13-А, 17, 23-А, 30, 35-А 
А, е 17, 23-A, 30, 35-A 
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Мә Кә бә әсә Го № 
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qom 
NO. 


0-В, 40-С 
3-A, 30, 32, 37, 38-B, 42, 44 


— — ek ek hh et A 25 (у et = 


3-A, 23-A, 30 
2 


, 30 

‚ 30, 35-А 

, 97, 38-B, 39-B, 39-C, 40, 40-A, 40-B, 40-C 
2-A 

3-A, 30, 32 


ho 
ФО 
NOPD- 


сс оо 


МА = – = о) 00 –— = = 
SPP Pn 
-ъ =à 


Фе. 
т 


-B, 23-A, 27-В, 31-А, 36, 38-В, 39-А, 39-В, 40, 40-А, 40-В, 40-С 


‚ 30 
‚ 23-А, 30, 36, 38-В, 39-В, 39-С, 40, 40-А, 40-В, 40-С 


— — — у = ск е 


37, 38-В, 39-В, 39-С, 40, 40-А, 40-В, 40-С 


2, 
8-В, 39, 39-А, 39-В, 39-С, 40, 40-А, 40-В, 40-С 
-B, 3-A, 13-A, 23-A 


1, 2-B, 3-A, 12-A, 13-A, 23-A, 30, 32, 35-A 
18, 29, 35-A 

1, 2-B, 3-A, 12-A, 13-A, 23-A, 30, 32, 35-A 
1,2-В, 2-С, 29 


1, 2-В, 3-А, 12-А, 13-А, 23-А, 30, 32, 35-А 


"Олег products or processes may be authorized by the Director of the Bureau of Alcohol, Tobacco and Firearms, Department of the Treasury, Washington, D.C. 
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Table 6.41: Filmex Special Industrial Solvent Formulations (30) 


Quantum's Filmex Solvents are typically used in flexographic printing for clean- 
ing equipment, formulating and thinning inks and in producing rotogravure 
etchings; in the textile industry to promote adhesion, improve dye penetration 
and to soften fibers; in chemical and pharmaceutical processing; and in chemi- 
Cal specialties production, such as latex coagulants and lacquers, among others. 


Code # 


Filmex A-1 .......190 .......... 


Filmex D-2 .... 


..... 


ҮГҮС 


Proof 


.. 190 


Formulation 
To every 100 gallons of ethyl alcohol, add: 


5.0 gal. methyl alcohol 
1.05 gal. methyl isobutyl ketone 
10.5 Ibs isopropyl alcohol, 99% 


15.5 gal. methyl alcohol 
1.05 gal. methyl isobutyl ketone 


10.25 gal. methyl alcohol 
1.05 gal. methyl isobutyl ketone 
5.25 ibs isobutyl alcohol, 9996 


ПЕЕВ 


зачечониит 


5.0 gal. methyl alcohol 
4.46 gal. ethyl acetate, 99% 
1.05 gal. methyl isobuty! ketone 


5.0 gal. methyl alcohol 
1.05 gal. methyl isobutyl ketone 
15.75 Ib isopropyl alcohol, 9996 


20.75 gal. methyl alcohol 
1.05 gal. methy! isobutyl ketone 


Filmex Solvents are also available in 200° (anhydrous) formulations. 


Table 6.42: Completely Denatured Alcohol (CDA) Formulations (30) 


CDA Proof Formulation Appiications 

To every 100 gallons of ethyl 

alcohol, add: 

СОА 19-1 ....190 ....4.0 gal. methyl isobutyl ketone ....... Cleaning fluids, 

1.0 gal. kerosene, odorless antifreeze, thinners, 
detergents, brake 
fluids 

CDA 19-3... 190 ....4.0 gal. methyl isobutyl ketone........ Cleaning fluids, 
1.0 gal. rubber hydrocarbon antifreeze, thinner, . 
solvent detergents, brake 
fluids 
CDA 19-3....200 ....4.0 gal. methyl isobutyl ketone....... Cleaning fluids, 


1.0 gal. rubber hydrocarbon 
solvent 


detergents, antifreeze, 
thinners, brake fluids 


Table 6.43: Proprietary Solvent Formulations (30) 


Code # 
Propsolv 1-1 


Ргорвоіу І-2 


Ргорзом 1-1 


Propsolv li!-2 


фначнаожа 


Formulation Applications 

100 gal. SDA 1-1 (190° or 200°) ...... Shellac, 

1.0 gal. rubber hydrocarbon chemical specialties, 
solvent latex coagulants 

4.25 gal. ethyl acetate 

100 gal. SDA 1-2 (190° or 200°) ...... Shellac, 

1.0 gal. rubber hydrocarbon chemical specialties, 
solvent latex coagulants 

4.25 gal. ethy! acetate 

100 gal. SDA 1-1 (190° or 200°) ...... Shellac, 

1.0 gal. methyl isobutyl ketone chemical specialties, 

1.0 gal. rubber hydrocarbon latex coagulants 
solvent 

0.87 gal. ethyl acetate 

100 gal. SDA 1-2 (190? or 200?) ......Shellac, 

1.0 gal. methy! isobutyl ketone chemical specialties, 

0.87 gal. ethyl acetate latex coagulants 


1.0 gal. rubber hydrocarbon solvent 


Table 6.44: Punctilious Specially Denatured Alcohol (SDA) Formulations (30) 











fepresenlative 


SDA Formulation i Applications - SDA Formulation. Applications 
To 100 gallons of 190° ethyl alcohol or, for anhydrous To 100 gallons of 190° ethyl alcohol or, for anhydrous 
products, 200°, add: products, 200°, add: 
ФОА 1-1... .....0.125 ог Вкех................... ... Coatings, solvents ЗОА 35А-1 ..... 4.25 да!. еїПпу! асеїаїв, 99% ................... Animal feed 
4.0 gal. methanol | supplement, pill and 
SDA 1-2 .......... 4.0 gal. methanol ценени Miscellaneous tablet manufacturing 
1.0 gal. methyt isobuty! ketone chemical ODA GT года 1.25 lb. menthol, паша ша Pharmaceuticals, 
manufacture 45.0 fl. 02. eucalypto! mouthwashes, 
SDA 2B-2 ...... 0.50 gal. rubber hydrocarbon ................ Pharmaceuticals, 30.0 av.oz. thymol antiseptic solutions 
solvent agricultural SDA 388 ......... 10.0 Ib. of any denaturant approved ....... Fragrances, toiletries, 
chemicals by the ATF for SDA 38B or any disinfectants, 
SDA 2B-3 ........ 0.50 да!. їоіџепе........................ _.....Cosmetics and combination of approved denaturants pharmaceuticals 
toiletries adding up to 10.0 в. 
SDA 2B-4 ........ 0.50 gal. Ѕће! Ѕоімепі В ........................ Plastics SDA 38F .......... 10.0 Ib. of any denaturant approved ....... Pharmaceuticals. 
SDA ЗА ........... 5.0 gal. теїһапо!.................................. Chemical specialties by the ATF for SDA 38F or any mouthwashes 
SUA GU ыы 5.01Б. ісоргоруі аісоһо/ ................... Chemical combination of approved denaturants 
intermediates adding up to 10.0 Ibs. 
50А4 ..._....... 0.0022 ib. methylene blue... _.......Тобассо $ргау$ SDA 39B ....... 2.5 gal. diethyl phthalate, odorless ......... Detergents, 
0.05 Ib. nicotine, 40% soln 0.125 gal. t-butyl alcohol coatings, fungicides, 
0.95 gal. water | pharmaceuticals 
SDA 12A-3 ......5.0 gal. toluene 0... била .. Chemical specialties ЗДА 39 .......... 1.0 gal. diethy! phthalate, odorless ......... Fragrances 
SDA 13A .........10 gal. ethyl ether, USP... .. ...... Miscellaneous or 1.0 gal. diethyl phthalate, QUAE 
chemical | SDA 40-1. ..... 1.5 02. brucine alkaloid ши Flavors and 
manufacture | 0.125 gal. t-buty! alcoho! fragrances, hair 
| SDA19...........100 gal. ethyl ether USP. Miscellaneous | | sprays, disinfectants, 
| chemical | insecticides, dye 
| manufacture solutions 
‚ ЗОА2ЗА......... 8.0 gai. acetone ............ _ External | ` SDA 402 .......15 02. бгисіпе sulfate 2222222. Flavors and 
| pharmaceuticals | 0.125 gal. t-buty! alcoho! fragrances, hat 
| SDA 23H ......... 8.0 даі. асеіопе ................ .., ... Pharrnaceuticals | | Sprays, disinfectants, 
: 1.5 gal. methyi isobuty! ketone and disinfectants | insecticides. dye 
| SOAS од 20.0 ib. iodine .. osos. Pharmaceuticals | solutions 
| 15.0 Ib. potassium iodide l SDA 40A 1.0 №. исгозе оба-асйае ................. Fragrances 
' SDA 25-2... ....20.0 lb. iodine... Pharmaceuticals | 0.125 gal. t-butyl aicohol 
| 15.0 Ib. sodium iodide | SDA40B......0.0625 o2. Bitrex s. m Fragrances, cleaning 
| 9DA 25A-1 ...... 20.0 16. їойїпе ..................... К .... Pharmaceuticals | 0.125 gal. t-butyi alcohol solutions, household 
15.0 Ib. potassium iodide | detergents, 
15.0 Ib. water | fungicides, polishes 
| SDA 25A-2.......20.0 Ib. iodine ин Pharmaceuticals | SDA 40C ........ 3.0 gal. t-butyl alcohol =... ee. Fragrances 
15.0 Ib. sodium iodide | ЭВА 45 ........... 300:0 Ib. опеНаб атар ec Candy glazes 
| 15.0 Ib. water |. Reagent .......... 5.0 даї. пеїпу! аїсоНої.......... Chemical reagents 
| SDA 29-3 ....... 1.0 да! етујасеќте, 9995 ................. Vinegar and other | Alcohol 9.93 1b. isopropyl alcohol, 99% 
| {ATF may approve other denaturants products | Rubbing.......... 0.27 02. BIEK оар Rubbing alcohol! 
| provided that amounts are not less | Alcohol Base 8.0 gal. acetone 
than 6.8 Ibs. of solid or 1.0 gal. of i 1.5 gal. methyl isobutyl ketone 
| liquid/100 gal. ethyl alcohol) , Rubbing....... 0,2707 BUCO ела ни Rubbing alcohol 
| 50А30........... 10.0 gal. теапді ..................... Miscellaneous ‚ Alcohol 0.003 Ib. menthol racemic 
| chemicals, solvents ; Concentrate 8.0 gal. acetone 
| and drugs | 1.5 gal. methyl isobutyl ketone 
| SDA 32........... 5.0 даі. еуі еїћег................................ Solvents, extractants, | 
| спеписа! specialties “Not ail SDAs. lormulations or applications can be presented here. For further information. contact your Quantum chemicals sales 
| 
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Table 6.45: Composition and Typical End Uses of Specially Denatured Alcohols (30) 




















Specially 
Denatured Methyl 
Alcohol Acetone Isobutyl Ethyl 
(SDA) Ethanol — N.F. Methanol Ketone Isopropanol | ‘Butanol Acetate Foluenet! 
4. ...... е асе Е тъ -—.. ти ns T — по A—MÁM — -- ———M— —ÀÓ € orm нон 
SDAA О а а 
SDA 2B 100 gal 0.5 gal 
SDA 3A 100 gal 5 gal 
SDA 3C 100 gal 5 gal 
SDA 23A 100 gal 8 gal 
SDA 2 зи. 100 gal 8 ра! 1.5 gal 
БПА 2912) 100 gal 1 gal 
dwe- - .... - .- . 3. - € 45.4 ia ..- a cae ae - 
SDA 30 100 га! 10 gal 
SDA 35A 100 gal 4.25 gal 
SDA 37" 100 gal 


SDA 38B 100 ра 














ТРА ЗЕЕ 100 gal 
4 . %%% . аб 5 очае 5. saian ӛркен лсе ых бак шорт č sasao o eee ано ано стебла өз жесе өс» «ее вон = ~ onn o 
SDA 39C 100 gal 
SDA 40-2 100 gal 0.125 gal 
SDA4OB 100 ра! С 0.125 gal 


Ae ER aA TI ER NN A ESTE и" ДНЮ ЕН Ен ЕД ин бар ДЕ ва БИ Епа ДЫГЫНА СО 


Я ES ELLEN 





Specially 

Denatured 

Alcohol Dicthyl Oils and Brucine 

(SDA) Phthalate Substances Sulfate Bitrex Applic 'ationsf! 

Ө--- -----“-----------------“ “--------- nme по et са статична — « —— ет > Р $ = we з ne me ee aes oe 
SDAI | Solvent for coatings, adhesives, thinner, polishes. 
SDA 21i Solvent for processing foad pr офис 15. 

antibiotics and vaccines and dyes. 


SDA 3A 


SDA 3C 


4------------------------- 


SDA 23A 


=—— тт 6 





Mm M een rr на n ка се -- 


Solvent for soap and bath preparations, latex 
processing, proprietary solvents. 


Solvent for shampoos, stains, processing food 
products, and cleaning solutions. 











Solvent for lotions and creams, soaps. 
antiseptic solutions, processing foods. 
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SDA 2311 Solvent for external pbarmaccuticals, 


disinfectants, cleaning solutions. 
ni АА 


SDA 290! Vinegar manufacture, ethyl etber and 
ethylamines produc tion. 
i — ——— 2 


SDA 30 


Solvent for industrial ditirgents and soaps, 
dye solutions. 


банк от мк и прі “-д а... - ..-... - у А t qoo pr с ще ЫЙЫ ee cig ni азија брда =.“ притом мит ш а а 











SDA 35A Solve nt for candy glazes, proc essing 
antibiotics, animal feed supplements. 

SDA 37 "oc Fn Mouthwashes, anliseptic solutions, USP or 
ХЕ. room deodorants. 

SDA 38HU! ЕТТІ Mouthwashes, deadorants, perfumes, soap and 
Бай preparations. 

SDA НИ 10 ib Mouthwashes, antiseptic solutions. 

ааа ама аы па NE JP радиа Е рушса eal eg oe oe aes 

SDA 39С 1 gal Lotions and creains, perfumes, soap and bath 
pre parations. 

SDA 40-2 1.5 ам. ог Hair preparations, lotions and creams, 
shampoos, 

SDA 40K 0.063 Hair preparations, ‘Jotions, and є creams, 

ах. 07 shampoos. 


AEG ERRATA PL AERA а ЕИ E TE TE TRAE ОЙ та и АС фа ИНС НАГРАДИТЕ ЕНА 


(1) 190 and 200 proof formulations available 

(2) Or permissible materials approved by BATF 

(3) Denaturants may need to be supplied bv customer 

(4) Or rubber hydrocarbon solvent 

(5) 45 fl oz cucalyptol, NF; 30 av oz thymol, NF; and 20 av oz menthol, USP 

(6) For a more complete listing. see Codes of Federal Regulations, Vol 27, Part 21 


Table 6.46: Composition of Completely Denatured Alcohol (CDA) (79) 


Completely Denatured Methyl Isobutyl Rubber Hydrocarbon 
Alcohol (CDA) — — — EthanofD — — — — Ketonc | | — Solvent 
CDA 19 100 gal 4 gal i gal 


AS USES ОНИ NI LEONEAN ET SION AT TT OTTER MOLD DONE IL ITLL A TLL ETE ALE EM ДЕ TE LNT AIL TONLE ЗЕН: 


Table 6.47: Composition of Synasol Proprietary Solvents, Anhydrol Special Industrial Solvents, and Inksolv Ink Solvents (719) 












































| Methyl Isobutyl Fthyl п-Ргору! Арргоусд 

SYNASOL® Solvents Ethanol Methanol isopropanol Kelone -Ҙ _ Acetate , Acetate Hydrocarbon 
PM-41 SDA 1, 190 Proof, 100 gal 5 gal ` {gal 

PM-100 SDA 1, 200 Proof, 100 gal - | | _ 5 gal Oo igi o 00 
PM-3224 SDA 1, 190 Proof, 100 ра! 1 gai 1 gai 1 gal 

PM-509 SDA 1, 200 Proof, 100 gal | 1 gal 1 gal 1 gal 
ANHYDROL® Solvents 

PM-4079 SDA 3A, 190 Proof, 100 gal 10 gal 1 gal 

PM-4083 SDA 3A, 200 Proof, 100 gal 10 Ва}. | t gal 

PM-4078 SDA 3A, 190 Proof, 100 gai 15 gal 1 gal 

PM-4217 SDA 3A, 200 Proof, 100 gal | 15 ра! | 1 да! | 
РМ-4081 SDA 3A, 190 Proof, 100 gal | 10 gal 1 да! 

PM-4082 SDA 3A, 200 Proof, 100 gal 10 gal 1 gal 

а лы лен тен с е ато без ткм е ыы. мая mtu са Ai A Minh MPa ENT аео з т, еен д, Mt Pr aen i ai, s sas E n Ss AA Brett а четама јатима старатеља iugera Pit episco pat nlii pk iP a RM REP AAA титана веверица aa З 7 
РМ-4080 SDA 3A, 190 Proaf, 100 gal 15 gal 1 gal 

PM-4176 SDA 3A, 200 Proof, 100 gal |. 15 gal 1 gal о 

PM-4085 SDA 3A, 190 Proof, 100 gal 1 gal 5 gal | 
PM-4084 SDA 3A, 200 Proof, 100 gal 1 ра! 5 gal 

" peut amende Y онр инна аанньа тата yr i ar iH ts reti ir ri drca er i PH v uma ete PS ptr eii eet ана утрата оо т аваачин аР труе Нинон et mre т NLT тт ОО аак i 5 

PM-4157 SDA 3A, 190 Proof, 100 gal 5 gal 5 gal 1 да! 

РМ-4135 SDA 3A, 200 Proof, 100 gal 5 ра! 5 gal 1 gal 

lenses Primae Sa БАРА s i ptm in 6 —"-—— —————————————————————————— ———A———— PUTEM vn DE E B 

INKSOLV® Solvents!) 

РМ-6127 SDA 3A, 190 Proof, 85 gal 14 gal 1 gal 

PM-6129 © SDA 3A, 200 Proof, 85 gal 14 gal 1 gal 

PM-6118 | SDA 3A, 200 Proof, 89 gal 10 да! 1 gal 

PM-6193 SDA 3C, 200 Proof, 89 gal 10 gal 1 gal 

PM-6264 SDA 3C, 200 Proof, 95 gal | | 5 га! 


а) Additional non-methanol-containing formulas may be available on request 


PEC 


yooqpung 5тшамоє томіупри| 


rer" 


Table 6.48: Typical Physical Properties (19) 














Expansion, per а 


at 55°C 


0.00113 
0.00111 


0.00114 


0.00112 
0.00113 


0.00112 
0.00114 


0.00112 
0.00113 


0.00111 
0.00114 


0.00112 
0.00114 


/ 0.00113  : 


0.00116 


0.00112 
0.00113 


0. 00113 
0.00116 


0.00114 
0.00116 


0.00118 
0.00120 


0.00113 
0.00114 


0.00109 
0.00113 


0.00112 
0.00111 


0.00111. 


Monohydric Alcohols 


Flash Point, 


Closed Cup, 


ASTM 
Distillation 


at 760 nim Hg, 
°C 


55 55 
ana 


ое се 
Oc; occ 





i 


74.5-79.5 
74.5-79.5 


74.5-79.5 
_14.5-79.5 


77.0-80.0 
77.0-80.0 


0.00115 
0.00121. 


0.00115 _ 


0.00111 
оше, 


ЛЫ 


0.00112 
ша с 


0.00113 


Relative Average 
Evaporation Wt/galat Alb/gai Coefficient of 
Rate 60°F, /A°F at 
Product (ВцАс=100) Ib 50-86°F al 20°C 
INKSOLV® Solvents 
PM-6118 380 6.62 0.00399 0.00109 
PM- 0127 390 0.77 0. 00401 0. 00107 
PM- 61 29 400 6.62 0. 00403 | 0. 001 10 
PM- 6193 280 6.62 0.00393 0. 00107 
РМ-6264 330 0.65 0.00401 0.00109 
ANHYDROL® Solvents 
PM-1473 210 6.77 0.00402 0.00107 
PM- 1474 210 0.62 0. 00402 0. 001 10 
PM- 4081 320 6.76 0. 00402. 0. 00108 
РМ-4082 200 6.60 0. 00398 0.00109 
РМ-4079 360 6.77 0. 00402 0.00107 
РМ- 4083 380 0.62 0. 00402 0. 001 10 
PM- 4157. 330 0.74 0. 00402 _ 0. 00108 
PM-4135 350 6. 61 0.00402 0. 001 10 
PM-4085 370 6.81 0.00412 0. 00109 
PM- 4084. 360 6.66 0. 00412 0. 001 12 2 
PM- 4080 330 6.75 0. 00402 0. 00107 
PM- 4176 350 6.63 0.00398 0. 00108 
PM- 4078 370 6.76 0.00407 0. 00109 
PM-4217 380 6.62 0. 00407 0. 001 1 1 
SYNASOL® Solvents 
PM-0041 350 6.80 0.00413 0.00110 
PM- 0100 410 6.66 0. 00410 0. 001 11 
РМ- 3224 360 6.78 0. 00406 0. 00108 
РМ-0509 360 0.62 0.00406 0.00111 
Completely Denatured Alcohol (CDA) 
Ethanol CD-19 
190 Proof 290 6.79 0.00407 0.00109 
200 Proof 330 6.61 0.00402 0.00110 
Specially Denatured Alcohol (SDA) и 
Ethanol SDA-2B 
190 Proof 300 6.80 0.00394 0.00105 
200 proof 330 6.601. 0. 00395 0.00107 
EthanolSDA-3A 2 ъ 
190 Proof 320 6.78 0.00403 0.00107 
200 Proof 360 6.62 0.00398. 0.00110 
Ethanol SD- де 
190 Proof | | 290 682 000403 000107 00 
Ethanol SD-23A 
190 Proof 370 6.78 0.00412 0.00111 
200 Proof | 30 663  — 00046 000113 - 
Ethanol SD-23H 
190 Proof — __ 390 6.78 0.00416 — 0.00111 € 
Ethanol SD-29H - 
190 Proof 290 6.80 0.00401 0.00107 
200 Proof 340 — — 6.62 | 0.00396 0.00108 
Ethanol SD- 29Е 
190 Proof 290 679 | 000402 000107. 
Ethanol SD-30 
190 Proof 330 6.78 0.00403 0.00107 
_200 Proof — 370 662 000398 000109 - 
Ethanol SD-35A 
190 Proof 310 6.83 0.00410 0.00109 
200 Proof и 340 6 66 М 0.00407 . 0.00111. 


900415 


or °С 
57 14 
02 17 
59 15 
58 14 
55 13 
61 16 
55 13 
61 16 
57 14 
60 16 
28 14 
60 16 
56 13 
55 13 
53 12 
62 17 
28 14 
58 14 
55 13 
53 12 
47 8 
57 14 
51 11 
54 12 
51 11 
58 14 
55 13 
62 17 
26 13 
63 17 
44 7 
37 3 
39 13. 
63 17 
57 14 
$0 16 
60 16 
59 15. 
57 14 
52 1 


76.0-79.0 


76.0-80.0 
_76.0-80.0 


76.0-79.0 
76.0-79.0 
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Table 6.48: (continued) 


ORENEAN ESO A EAA AR: 


Relative Average знана ASTM 
Evaporation W/galat A Ib/gal Coefficient of x Flash Point, Distillation 
Rate 60°F, /ASF at Expansion, рег. C Closed Cup, — at 760 mm Hg, 
Product (BuAc-100) lb 50-86“Е al 20°C al 55°C °F °С °C 
Ethanol SD-37 
190 Proof 280 6.79 0.00402 0.00107 0.001 11 | 61 16 — 
Ethanol SD-38B 
190 Proof 300 6.80 0.00399 — 0.00106 — 0.00110 63 I xs 
Ethanol SD-38E 
190 Proof 280 6.83 0.00402 0.00107 0.00111 63 17 — 
Ethanol SD-39C | 
190 Proof 300 6.81 0.00403 0.00107 0.00111 61 16 76.0-80.0 
200 Proof 330 6.62 0.00398 0.00107 0.00111 54 14 76.0-80.0 
Ethanol SD-40 | 
190 Proof 290 6.79 0.00401 0.00107 0.00111 61 16 77.0-80.0 
200 Proof 330 6.62 0.00402 0.00110 0.00114 58 14 77.0-80.0 
Ethanol SD-40A 
190 Proof 290 6.79 0.00402 0.00107 0.00111 62 17 — 
200 Proof 310 6.62 0.00397 0.00109 0.00113 58 14 — 
Ethanol SD-408B 
190 Proof 300 6.79 0.00400 0.00107 0.00111 62 17 77.0-80.0 
200 Proof 330 6.61 0.00396 0.00108 0.00116 57 l4 77.0-80.0 
Ethanol SD-40€ 
200 Proof 330 6.61 0.00395 0.00108 0.00112 59 15 77.0-80.0 
Pere Alcohols 
190 Proof 300 6.79 0.00403 0.00107 ОООЕЕ! 62 17 78.2 
200 Proof 330 6.61 0.00398 0.00109 0.00113 58 14 78.3 





Table 6.49: Densities of Pure Ethanol-Water Mixtures at Various Temperatures (79) 


8.8 


NOTE: Data developed using pure 
ethanol and water. Physical 
properties of mixtures may 
— change with addition of 
denaturants. 








РЕ 
8.0 А 
| === 
=. 7.6 = „з sepe 
г 2o ы Гы 
6.8 нн 


> 30 35 40 45 20 55 60 
7) (80) (95) (1010 (113) (122) (131) (140) 


Temperature., C° (CF) 


5 10 15 20 2: 
(41) (50) (59) (68) (7 
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800 
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90 
80 
70 


60 
50 


Vapor Pressure, mmllg 


40 
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(32) (50) 
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Table 6.50: Vapor Pressure of Pure Ethanol at Various Temperatures (19) 





20 30 
(68) (86) 


COMPONENTS 
Specific 
Gravity 
at 
Compound") 20/20°C 
Ethanol 0.7905 
Carbon Disulfide 1.2657 
Ethanol | 0.7905 
Carbon Disulfide 1.2657 
Water 1.0000 
Ethanol 0.7905 
Carbon Tetrachloride 1.5875 
Ethanol 0.7905 
Carbon Tetrachloride 1.5875 
Water 1.0000 
Ethanol 0.7905 
Chloroform 1.4756 
Ethanol 0.7905 
Chloroform 1.4756 
Water 1.0000 


|| 
~ 


40 50 


60 70 
(104) (122) (140) (158) (176) (194) (212) 


А 
жш 
En 


к 


NOTE: Data developed using pure 
ethanol and water. Physical 
properties of mixtures may 
change with addition of 
denaturants. 





Temperature, °C (°F) 


Table 6.51: Constant Bolling Mixtures (79) 


Boiling 

point at 
760 mm 
Hg, °C 


783 
46.5 


78.3. 
46.5 
100.0 


TM кна слава ат ыы лечим 


78.3 
76.5 


78.3 
76.5 
100.0 


78.3 
61.2 


78.3 
61.2 
100.0 


80 90 100 120 140 
(248) (284) 
AZEOTROPE 
Boiling 
Point at Composition 
760 mm in Azeotrope, 
Hg, °C % by wt 
42.4 9.0 
91.0 
41.3 5.0 
93.4 
1.6 
65.0 15.8 
84.2 
61.8 10.3 
86.3 
3.4 
59.4 7.0 
93.0 
55.5 4.0 
92.5 
3.5 
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10,000 
9,000 
8,000 
7,000 


6,000 
5,000 


4,000 


3,000 


2,000 


1,000 
900 
800 
700 


600 
500 


8 шиши 'аля5д14 л0дед 


400 


300 


200 


100 


160 
(320) 


Sp Gr of 
Azeotrope 
or Layers 
at 20/20°C 


1.197 
Homogeneous 
1.377 


U 0.935 
L 1.519 


1.403 


U 0.976 
L 1.519 


--. 


(continued) 
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Table 6.51: (continued) 





COMPONENTS 


ю---------------------------------------------------- -һн----- --.---------- Е 











AZEOTROPE 






— дж. елене о-ы шш лы ан 





———— 


























Specific Boiling Boiling Sp Gr of 
Gravity point at Point at Composition Azeotrope 
а! 760 mm 760 mm in Azeotrope, or Layers 
Compound!) 20/20°C Hg, € Hg. € % Бу wt at 20/20°C 
Ethanol 0. 7905 78.3 | 62.6 OG ~ Homogeneous 
Cyclohexane 0.7797 50.7 £3 
Water 1.0000 100.0 LX 
E апо! 0.7905 78.3 31.0 0.863 
thy! Acetate 0.9018 4412 694) 
Ethanol 0.7905 78.3 8.4 0.9012! 
Ethyl Acetate 0.9018 17.2 82.6 
Water 1.0000 100.0 94D 
E thanol 0. 7905 73.3 23210 1.049 
Ethylene Dichloride 1.2556 $3.5 66.5 
Ethanol (07905... 784 157 00.941 
Ethylene Dichloride 1.2556 83.5 1121 1. 1.167 
Water 1.0000 100. 0 $22 
Ethanol 0.7905 78.3 48.0 0.729 
Неріапе 0.6845 98.4 72.0 
Ethanol 0.7905 78.3 33.0 U 0.686 
Нергапе 0.0845 98.4 60.9 1, 0.801 
Water 1.0000 100.0 6.1 
һ»----------- = — io «ies 
Ethanol 20. 7905 › 78.3 21.0 0.087 
Нехапе 0.6601 68.7 79.0 
Ethanol (0. 7905 78.3 120 U 0.672 
Heptane 0.6601 68.7 85.0 [. 0.833 
Water 1.0000 100.0 3.0 
Ethanol 0.7905 78.3 о 194 (0.874 
Isopropyl Acetate 0.8737 88.5 70% 
Water 1.0000 100.0 О.К 
|: ihanol 0.7905 78.3 64.0 17.1 0.74] 
Isopropyl Ether 0.7245 08.2 82.9 
Ethanol v 0.7905. 78.3 61.0 55 U 0.737 
Isopropyl Ether 0.7245 65.5 89.5 1. 0.9067 
Water | 0000. 100.0 4.0 
дало! 0.7905 78.3 74.8 34.0 0.802 
Methyl Ethyl Ketone 0.8061 79.6 66.0 
Ethanol 1 07905 783 732 | 14.0 0.832 
Methyl Ethyl Ketone 0.8061 79.6 75.0 
Water 1 4000, 100. 0 : 11.0 
|: hanol 0. 7905 ) 78. 3 34.3 5.0 
Pentane 0.6209 36.1 95.0 
Ethanol 0.7905 78. ae 76.7 68. () ().815 
Toluene 0.8053 110.0 32.0 
Ethanol 0.7905 78.3 14.4 37.0 U 0.849 
Toluene 0.8683 110.6 | 21.0 L 0.855 
Water 1.0000 100. 0 : 12.0 
Ethanol 0.7905 78.3 ЕЕ 27.0 1.197 
Trichloroethylene 1. 405 ›5 87.1 Е 73.0 
Ethanol 0.7 7005 ) 78.3 t 76.9 51.0 0.773 
Triethvlamine 0.7290 89.5 ; 49.0 
Triethyvlamine 0.7290 89.5 15.0 
Water 1.0000 100.0 10.0 
Ethanol (95 mm) 0.7905 33,501 13,473 99.5 0.792 
Water 1.0000 51.06?! 0.5 
- > А Е pc A E рай, а = жал і о Зи 
Ethanol 0.7905 75.3 R 78.2 95.6 0.804 
Water 1.0000 100.0 4.4 
Ethanol (3 atm) 0.7905 109.005! 109.08) 95.2 0.805 
Water 1.0000 134.03) 4.8 














(1) The ethanol listed 
(2) At 25/20°C 

(3) At the pressure investigated 
NONAZEOTROPES: In binary systems with ethanol and ternary systems with ethanol and water. these materials de not form 


azeotropes: Acetone, Butanol, 1.4-Dioxane, Ethyl Ether. Methanol, m-Xyvlene. o-Xylene. 


as a compound in this table is pure. 


Azeotropes vary with the addition of denaturants. 


p-Nvlene, Water-Methanol 
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Table 6.52: Proof Definitions and Conversion Factors (79) 


Proof: The ethanol content of a liquid at 60°F (15.56°C) stated as twice the percent of ethanol by volume. 
Proof = 2 x volume percent ethanol in a liquid (at 60°F) 


Apparent Proof: The equivalent of proof for ethanol solutions containing ingredients other than water (i.e., de- 
natured alcohol). Apparent proof is determined by specific gravity readings for ethanol-water mixtures at 60/60°F. 


Proof Gallon: Amount of ethanol in one wine galion of 100 proof alcohol at 60°F. 
Proof gallons = wine gallons at 60°F x 100/proof 


Wine Gallon: A United States gallon of liquid measure > equivalent to the volume of 231.2 cubic inches. 
1 Wine gallon = 231.2 cubic inches 


Tax Gailon: The unit measure of spirits for the imposition of tax under section 5001, IRC. For spirits that are 100 
degrees of proof or more when withdrawn from bond, the tax is determined on a proof gallon basis. When less 
than 100 degrees of proof, the tax is determined on a wine gallon basis. Table 6.53 covers ethanol-water com- 
positions from 0 to 200 proof. Keep in mind that, because of the contraction that occurs when ethanol and water 
are mixed, 100 volumes of ethanol of the designated proof result from mixing the volumes of ethano! and water 
given in columns 2 and 4. 


Table 6.53: Proof Conversion Tables (19) 


nase NN AF п й IR a NOE 
Pure 200 Proof 





Pu re 200 Proof 





Ethanol, Ethanol, Water, Specific Ethanol. Ethanol, Water, Specific 
Proof Parts by % Бу Parts by Gravity Proof Parts by Зо Бу Parts by Gravity 
at Volume Weight Volume at at Volume Weight Volume at 
60°F at 60°F at 60°F at 60° Е 60/60“ Е 60°F at 60°F at 60°F at 60°F 60/60°F 
0 0.0 0.00 100. 00 1 0000 40 20.0 16.27 d 0.9759 
1 0.5 0.39 99:23 0.9993 41 20.5 16.68 81.27 0.9754 
2 1.0 0.80 99.06 0.9985 42 21.0 17.10 80.82 0.9749 
3 1.5 1.19 98.58 0.9978 43 2.4.9 | 7.52 80.38 0.9744 
4 2.0 1.59 98.12 0.9970 44 22.() 17.93 19:93 0.0739 
5 LAC 1.99 97.65 0.9963 45 22.5 18.35 79.48 0.9734 
6 3.0 2.39 97.18 0.9950 46 23.0 18.77 79.03 0.9729 
7 3.5 3.79 96.71 0.9949 47 23.5 19.19 78.58 0.9724 
8 4.0 3.19 96.24 0.9942 48 24.0 719.60 77.14 0.97 19 
9 4.5 3.60 95. 78 0.9935 49 24.5 20). 02 77.09 0.9714 
10 5.0 4.00 95. 31 0.9928 20 25.0 20. 44 77.24 0.9708 
11 2.5 4.40 94.85 0.992] 51 22.9 20.86 70.79 0.9703 
12 6.0 4.80 94.39 0.9915 52 26.0 21.29 70.34 0.9697 
13 6.5 5.21 93.93 0.9908 53 26.5 21.71 75.89 0.9692 
14 7.0 5.61 93. 76 0.9902 54 27.0 22.13 75.44 0. 9687 
15 7.5 6.02 93. 01 0. 9896 55 27.5 да: 50 74.98 0. 9681 
16 8.0 6.42 92.53 0.9890 56 28.0 22.97 74.53 0.9676 
17 8.5 6.83 92.09 0.9884 37 28.5 23.40 74.08 0.9670 
18 9.0 7.23 91.63 0.9878 28 29.0 23.82 73.62 0.9664 
19 9.5 7.64 91.18 0.9872 59 295 24.24 73.17 0.9659 
20 10.0 8.05 90.72 0.9866 60 30.0 24.67 72.72 0.9653 
21 10.5 8.45 90.27 0.9860 61 30.5 25.10 72.26 0.9647 
22 11.0 5.86 59.51 0.9854 62 31.0 25.32 71.81 0.9641 
23 11.5 9.27 39.36 0.9849 63 31.5 25.95 71.35 0.9635 
24 12.0 9.68 88.90 0. 2843 64 32.0 26.38 70. 89 0. 9629 
25 12.5 10.09 35.45 0.98 37 65 32.5 26.81 70. 13 0.9623 
26 13.0 10.50 88.00 0.9832 66 33.0 27.24 69.97 0.3617 
27 13.5 10.91 87.55 0.9826 67 33.5 27.67 69.51 0.9619 
28 14.0 11.32 87.10 0.9821 68 34.0 28.10 69.05 0.9604 
29 14.5 11.73 86.65 0. 9816 69 34.5 28.53 68.59 0.9597 
30 15. 0 12.14 86.20 0. 98 10 70 33.0 28.91 65.12 0.9590 
31 15.5 12.55 85.75 0.9805 71 35.5 29.41 67.00 0.9584 
32 16.0 32.96 85.30 0.9800 72 36.0 29.84 67.19 0.9577 
33 16.5 13.37 84.85 0.9794 73 36.5 30.28 66.72 0.9570 
34 17.0 13.79 84.40 0.9789 74 37.0 30.72 00.25 0.9652 
35 17. 5 14.20 83.95 0.9784 75 37.5 31.16 65.78 0.955% 
36 18.0 14.01 83.50 0.9779 76 38.0 31.00 62.31 0.95 548 
37 18.5 15.03 33.06 0.9774 77 38.5 32.04 64.84 0.9540 
38 19.0 15.44 82.61 0.9769 78 39.0 32.48 64.37 0.9533 
39 19.5 15.85 52.16 0.9764 79 39.5 32:92 63.90 0.9525 
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Table 6.53: (continued) 


a танк а СС НИ ан ee ee eS 
Pure 200 Proof 


Ethanol, Ethanol, Water, Specific 
Proof Parts by % by Parts by Gravity 
at Volume Weight Volume а! 
60°F at 60°F at 60°F at 60°F 60/60°F 
80 40.0 33.36 63.42 0.9517 
81 40.5 33.81 62.95 0.9509 
82 41.0 34.25 62.47 0.9501 
83 41.5 34.70 61.99 0.9493 
84 42.0 35.15 61.52 0.9485 
85 42.5 35.60 610.04 0.9474 
86 43.0 30.05 60.50 0.9469 
87 43.5 36.50 60.08 0.9460 
88 44.0 36.90 59.59 0.9452 
89 44.5 37.41 29.14 0.9443 
90 45.0 37.87 58.63 0.9434 
91 45.5 38.32 28.14 0.9426 
92 46.0 38.78 27.06 0.9417 
93 46.5 39.24 57.17 0.9408 
94 47.0 39.70 26.68 0.9399 
95 47.5 40.16 20.19 0.9389 
96 48.0 40.62 26.70 0.9380 
97 48.5 41.09 95.2] 0.9371 
98 49.) 41.55 24.72 0.9361 
99 49.5 42.02 54.22 0.9452 
100 50.0 42.49 53.73 0.9342 
101 50.5 42.96 53.24 0.9332 
102 51.0 43.43 52.74 0.9322 
103 51.5 43.90 52.25 0.9312 
104 52.0 44.37 51.75 0.9302 
105 52.5 44.85 21.25 0.9292 
106 53.0 42.33 20.75 0.9282 
107 53.5 45.80 50.26 0.9272 
108 54.0 46.28 49.76 0.9262 
109 54.5 46.76 49.26 0.9252 
110 55.0 47.25 48.76 0.9241 
111 55.5 47.73 48.25 0.9231 
112 56.0 48.21 47.75 0.9220 
113 26.5 48.70 47.25 0.9210 
114 57.0 49.19 46.75 0.9199 
115 27.5 49.68 46.24 0.9188 
116 58.0 50.17 42.74 0.9177 
117 58.5 50.66 45.23. 0.9167 
118 59.0 21.15 44.72 0.9156 
119 59.5 21.65 44.22 0.9144 
120 60.0 22.15 43.71 0.9133 
121 60.5 52.65 43.20 0.9122 
122 61.0 25.19 42.69 0.9111. 
123 61.5 53.65 42.18 0.9100 
124 62.0 54.15 41.67 0.9088 
125 62.5 54.66 41.16 0.9077 
126 63.0 29:17 40.65 0.9065 
127 63.5 55.67 40.14 0.9054 
128 64.0 56.18 39.62 0.9042 
129 64.5 56.70 39.11 0.9031 
130 65.0 57.21 38.60 0.9019 
131 65.5 57.72 38.08 0.9007 
132 66.0 58.24 37.57 0.8996 
133 66.5 58.76 37.05 0.8984 
134 67.0 99.28 36.54 0.8972 
135 67.5 29.80 36.02 0.8969 
136 68.() 00.33 35.50 0.8948 
137 08.5 60.85 34.99 0.8936 
138 69.0 61.38 34.47 0.8923 
139 69.5 61.91 33.95 0.8911 


Proof 


at 


40°F 


140 
141 
142 
143 
144 
145 
146 
147 
148 


1 149 
150 


151 
152 
153 


155 


156 
157 
158 
159 


161 


1 162 


163 
164 


163 


166 
167 
168 
169 


170 
171 
172 
173 


174 


175 
176 
177 
178 
179 


2 T ue 


181 
182 
183 
184 


185 


186 
187 
188 
189 


190 
191 
192 
193 
194 


195 
197 
198 
199 
200 


154 


Риге 200 РгооГ 


Ethanol, Ethanol. 
Parts by % by 
Volume Weight 
at 60°F at 60°F 
70.0 62.44 
70.5 62.98 
71.0 63.51 
71.5 04.05 
72.0 04.59 
72.5 65.13 
7 3.0 65.67 
73.5 66.22 
74.0 00.77 
745 07.32 
75.0 67.87 
75.5 68.43 
76.0 68.98 
76.5 69.54 
77.0 70.10 
77.5 70.67 
78.0 71.23 
78.5 71.80 
79.0 72.38 
79.5 72.95 
80.0 73.53 
80.5 74.11 
81.0 74.69 
81.5 75.27 
82.0 75.86 
82.5 76.45 
83.0 77.04 
83.5 77.64 
84.0 78.23 
845 78.84 
85.0 79.44 
85.5 80.05 
86.0 80.62 
$6.5 81.28 
87.0 81.90 
87.5 82.52 
38.0 83.14 
88.5 53.78 
89.0 8441 
89.5 85.05 
90.0 85.69 
90.5 $6.34 
91.0 86.99 
91.5 87.65 
92.0 88.31 
92.5 88.98 
93.0 89.65 
93.5 90.34 
94.0 91.03 
94.5 91.72 
95.0 92.42 
95.5 93.14 
96.0 93.85 
96.5 94.58 
97.0 95,32 
97.5 96.07 
98.5 97.60 
99.0 98.38 
99.5 99.19 
100.0 100.0 


Water, 
Parts by 
Volume 


33.43 
32.91 
32.38 
31.86 
31.34 


30.82 
30.29 
29.70 
29.24 
28.71 


27.66 
27.13 
26.60 
26.07 


25.54 
25.01 
24.47 
23.94 


22.87 
22:33 
21.80 
21.26 
20.72 


С 20.18 


19.64 
19.10 
18.55 
18.01 


17.46 
16.92 
16.37 
15.82 
15.27 


14.72 
14.16 
13.61 
13.05 
12.49 


11.93 
11:34 
10.80 
10.24 
9.07 


9.09 
8.52 
7.94 
7.36 
0.77 


6.18 
5.59 
499 
439 
3.78 
3.17 
193 
1.29 
0.65 
0.00 


23.40 


Specific 
Gravity 
at 

60/60°F 


0.8899 
0.8886 
().8874 
0.8861 
0.8849 


0.8830 
0.8823 
0.8810 
0.8797 
0.8784 
0.8771 
0.8758 
0.8745 
0.8732 
0.8718 


08705 


0.8691 
0.8678 
0.8664 
0.8650 


0.8636 


0.8623 
0.8608 
0.8594 
0.8580 


0.8566 
0.8552 
0.8537 
0.8522 
0.8508 


0.5293 
0.8478 
0.8463 
0.8447 
0.8432 
0.5416 
0.8401 
0.8385 
0.8369 
0.8353 


0.8336 
0.8320 
0.8303 
0.8286 
0.8269 


0.8251 
0.8233 
0.8215 
0.8196 
0.8178 


0.8158 
0.8139 
0.8118 
0.8098 
0.8077 


0.8056 
0.8010 
0.7987 
0.7962 
0.7937 


Table 6.54: Azeotropes of Ethanol (31) 


ETHYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


% 
79 


67.6 
57 
67 
22.5 
64.3 
66.3 
73.3 
77,8 
18 
59 
85 
83.7 
88.5 
94 
89 
91 
79 
91 
84.2 
79,7 
84.2 
85.2 
79.8 
88.5 
84.6 
93.0 
59 
83.7 
94 
97.2 
96 
95 
66 
69.5 
66 
92.5 
47.2 


85.5 
41 


58 
69 


B.P. of Azeotrope *C 


tert- Amyl ethyl ether 
Benzene 

1-Bromobutane 
2-Bromobutane 

cis -1 -Bromo-1 -butene 
trans -1-Bromo-1-butene 
cis -2-Bromo-2-butene 
trans -2-Bromo-2-butene 
2-Bromo-1 -butene 
1-Bromo-3-methylbutane 
1-Bromo-1-methylpropane 
2-Bromo-2-methylpropane 
1-Вготоргорапе 

2- Вготоргорале 
2-Bromopropene 

trans -] -Bromopropene 
cis -1-Bromopropene 
tert-Butyl ethyl ether 
Carbon disulfide 

Carbon tetrachloride 

1 -Chlorobutane 
2-Chlorobutane 

cis -1 -Chloro-1 -butene 
trans -1-Chloro-1-butene 
2-Chloro-1-butene 

cis -2-Chloro-2-butene 
Chloroform 

1 -Chloro-3-methylbutane 
1-Chloro-2-methylpropane 
I -Chloropropane 
2-Chloropropane 

trans -1-Chloropropene 
3-Chloropropene 

1, 3-Cyclohexadiene 
Cyclohexane 

Cyclohexene 
Cyclopentane 

1, 1-Dichloropropane 


2,2-Dichloropropane 
2, 5-Dimethylhexane 


Diethoxymethane 
Ethyl acetate 


66.6 
68.3 
75.0 
72.5 
69.6 
72.8 
72.3 
69.1 
67.4 
77.3 
71.4 
63.8 
63.6 
55,5 
46.2 
58.7 
56.4 
66.6 
42.4 
64.9 
65.7 
61.2 
57.0 
61.2 
53.6 
56.8 
59.4 
74.8 
61.5 
46.7 
36.6 
36.7 
44.0 
60.7 
64.9 
66.7 
44.7 
74.7 


63.2 
73.6 


74.2 
71.8 


To 
27.3 


25 
75 
44 
75 
51 
79 
30 
30 
56 
75 
58 
33 
97 
47 
97 
57.6 
75 
96.5 
17 
55 
72 
75 
66 
67 
22 
95 
8.8 
19 
81 
15 
56 
55 
32 
73 


ETHYL ALCOHOL 


до 


11.4 
61 


74 
74.1 


B.P. of Azeotrope °C 
Ethyl acrylate 11.5 
Ethyl propionate 78.0 
Ethyl propyl ether 61.2 
Ethyl sulfide 72.6 
Fluorobenzene 70.0 
n-Heptane 70.9 
n-Hexane 58.6 
2-lodobutane 77.2 
1 -lodo-2-methylpropane 77.0 
1 -Тодоргорале 75.4 
2-lodopropane 70.2 
3-Iodopropene 75.4 
lsobutyl formate 77.0 
Isoprene 32.7 
lsopropyl acetate 76.8 
Methyl acetate 56.9 
Methyl acrylate 73.5 
Methyl borate 63.0 
2-Methylbutane 26.8 
Methyl butyrate 78.0 
Methyl carbonate 73.5 
Methylcyclopentene 63.3 
Methylcyclopentene 60.3 
Methyl ethyl ketone 74.8 
Methyl propionate 72.0 
Octane 717.0 
Pentane 34,3 
2-Репіапопе 77.7 
Perchloroethylene 78.0 
Propanediol 63.5 
Propyl acetate 78.2 
Propyl ether 74.4 
Thiophene 70.0 
Toluene 76.7 
Trichloroethylene 70.9 


FORMS TERNARY AZEOTROPES WITH: 


B.P. of Azeotrope *C 


Water 

77.8 
Acetal 
Water 

64.9 
Benzene 


% 
7.4 


70 


3.5 
92.5 


4,5 
82.5 


2.85 
90.5 


94.5 


12.8 
69.5 


82.6 


17.5 
20.8 


5.5 
78.4 


78 


B.P. of Azeotrope “С 


Water 


Bromodichloromethane 
Water 

I -Bromo-2-methylpropane 
Water 

cis -1 -Bromopropane 
Water 


trans -Bromopropane 


Water 


1 -Bromopropane 


Water 


2-Bromopropane 

Water 

Carbon disulfide 

Water 

Chloroform 

Water 

1 -Chloro-2-methylpropane 


Water 


Cyclohexene 


Water | 
1, 2-Dichloroethane 


Water 


cis -1,2-Dichlo roethylene 


Water 


trans -1,2-Dichloroethylene 


Water 


Dimethoxymethane 


Water 
Ethyl acetate 


Water 
Ethyl chloroacetate 


Water 


Trichloroethylene 


Water 


Triethylamine 


72. 


69. 


54. 


54. 


60. 


43. 


41. 


55; 


58. 


64. 


66. 


53. 


+4. 


73. 


8t. 


0 


67,9 


74. 


SJOYOIP I1apkyouopy 
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n-PROPYL ALCOHOL 
п-Ргорапо! CH4CH5CH4OH 


n-Propyl alcohol is a colorless, volatile liquid. 


Table 6.55: Physical Properties of n-Propyl Alcohol (31) 


Acidity as acetic acid 0.003% by wt, max. 
Alkalinity as ammonia  : 0,003% by wt, max. 
Autoignition temperature 540°C 
Boiling point at 760 mm 97.15" 
Coefficient of cubical 
expansion, 0 - 94°C 0.000956 x 107? 
Color, APHA 5 max. 
Critical density 0.2734 
Critical pressure 49.9 atm 
Critical temperature 263.7*C 
Distillation range at 760 mm 2*C including 97.15*C 
Electrical conductivity, mhos 
per cm at 25*C 2х 10% 
Explosive limits, Lower 2.6% by vol. in air 
Upper 13.5% by vol. in air 
Fire hazard Dangerous when exposed to 
heat or flame. 
Flash point (open cup) 90°F 
(closed cup) 59°F 
Freezing point -127*C (-196* F) 
Heat of combustion 8020 cal/g 
Heat of vaporization at 97.15*C 162.6 cal/g 
Limits of flammability (in air 
by volume) 2.5% (Lower) 
Melting point -127.0*C 
Molecular weight 60.09 
Non-volatile material 0.001 gm/100 ml sample, 
max. 
Odor Alcohol -like 
Refractive index at 20°C 1.3845 
Reid vapor pressure at 100°F 0.1 рві 
Relative evaporation rate 
(butyl acetate = 1) 1,3 
Specific gravity at 20/4°C 0.8036 
at 20/20°C 0. 8050 
Specific heat at 25°C 0.586 cal/g/*C 
Surface tension in air, -5°C 25.9 dynes/cm 
20°С 23.8 dynes/cm 
60°C 20.5 dynes/cm 
Toxicity Slight 
Vapor pressure mm Hg 
“С "Е 
0 32 3.44 
10 50 7.26 
20 68 14.5 
30 86 27.6 
40 104 50.2 
50 122 87.2 
60 140 147.0 
70 158 239.0 
80 176 376.0 
90 194 574.0 
97.19 206.9 760.0 
Viscosity, 0°C 3.8827 centipoises 
20°C 2.2563 centipoises 
40°C 1.4050 centipoises 
90°C 0.5310 centipoises 
Water content 0.2% by wt, max. 


Weight per gallon at 20°C 
(68°F) 6.7 lbs 


Table 6.56: Azeotropes of n-Propyl Alcohol (37) 


n-PROPYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


до 


63 
83.1 
75 
31 
89.5 
82 
36 
88.5 
17 
82 
91 
69 


78 

89 

45 

70 

49 

72 

81 

82 

96 

34 

47 

55 

60 

30 

94.6 

65 

53 

74 

32 

37 
1.5 

60 

91 

90.2 

47.5 

28.3 


B.P. of Azeotrope °C 


Acetal 

Benzene 

Biacetyl 

] -Bromobutane 
2-Bromobutane 
n-Butyl chloride 
Butyl formate 
Carbon tetrachloride 
Chlorobenzene 
l]-Chlorobutane 
2-Chlorobutane 
1-Chloro-3-methylbutane 
1-Chloro-2-methylpropane 
Diethoxymethane 
Dioxane 

Di-n-propyl ether 
Ethyl propionate 
Ethyl sulfide 
Ethylene chloride 
Fluorobenzene 
n-Hexane 

1 -Iodobutane 

2 -Тодођшапе 

1 -lodo-2-methylpropane 
Isobutyl formate 
Isobutyronitrile 
Methyl acrylate 
3-Methyl1-2-butanol 
Methyl butyrate 
Methyl isobutyrate 
2-Pentanone 
3-Pentanone 
a-Pinene 

Propyl acetate 
n-Propyl bromide 
Propyl formate 
Toluene 

Water 


92.4 
77.1 
85.0 
89.5 
85.3 
74.8 
95.5 
73.1 
96.9 
74,8 
67.2 
89.4 
67.7 
86.2 
95.3 
85.7 
93.4 
85.5 
80.7 
80.2 
65.7 
96.2 
94.2 
93.0 
93.2 
95.0 
70.9 
93.5 
94.4 
89.5 
96.0 
96.0 
97.1 
94.2 
69.7 
80.6 
92.4 
87.7 


Monohydric Alcohols 
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n-PROPYL ALCOHOL FORMS TERNARY AZEOTROPES WITH: 


% 


27.4 
21 


7.6 
82.3 


84 


79 


8.5 
81.5 


79.5 


47.2 


17.6 
59.5 


72 


17.5 
55.9 


20 
60 


21 
59, 5 


25.3 
16.5 


11.7 
68.1 


13 
82 


81 


B.P. of Azeotrope °C 


Water 

Acetaldehyde dipropylacetal 
Water 

Benzene 

Water 


Carbon tetrachloride 


Water 
1, 3-Cyclohexadiene 


Water 


Cyclohexane 


Water 


Cyclohexene 


Water 
Dipropoxymethane 
Water 
Ethoxypropoxymethane 
Water 

3 -Тодоргорепе 

Water 


Nitromethane 


Water 


3-Pentanone 


Water 
Propyl acetate 


Water 


Propy] chloroacetate 


Water 
Propyl ether 


Water 
Propyl formate 


Water 


T richloroethylene 


87.6 


67.0 


65.4 


67.8 


66.6 


63.2 


86.4 


83.8 


78.2 


82.3 


81.2 


82.2 


88.6 


71.6 
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Table 6.57: n-Propanol-Water-Benzene (79) Table 6.58: n-Propanoi-Water-n-Butanol (19) 
Ж Tie line intersections by: КАЗНИ | 
ROPANOL Refractive index a Tie line intersection 
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Table 6.59: n-Propanol-Water-Heptane (19) Table 6.60: n-Propanol-Water-Hexane (19) 
а Tie line intersections бу: ARGOS NOL 
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ATER” 


ЧЕХАМЕ 9 30 са 66 50 — 10 ве WATER 


ISOPROPYL ALCOHOL 


lsopropanol, Dimethy! Carbinol, 2-Propanol 


Monohydric Alcohols 295 


(CH3) CHOH 


Table 6.61: Physical Properties of Anhydrous Isopropyl! Alcohol (31) 


Acidity, as acetic acid 


Boiling point at 760 mm 
50 mm 
10 mm 


Coefficient of expansion at 55°C 


Color, Pt-Co scale 

Critical pressure 

Critical temperature 

Dielectric constant at 20°C 
40°C 
80°C 


Distillation at 760 mm 


Fire hazard 


Flash point (open cup} 
Freezing point 


Heat of combustion 


0.002% by wt, max. 


Вг2: 32. 
ОГС, 
2°C 
0.00111 
10 тах. 
53 atm. 
234.9°С 


18.62 
16.24 
IH 


Distills entirely within 


1.0*C range which in- 


cludes 82.3*C 


Dangerous when exposed to 


heat or open flame 
70°F 
-87.8°C 


7970 cal/g 
7942 cal/g 


Heat of fusion 

Heat of vaporization 

Lower limit of flammability 
in air 

MAC 

Molecular weight 

Non -volatile matter 

Odor 

Purity 

Refractive index at 20°C 

Specific gravity at 20/20°C 

Specific heat at 20°C 

Surface tension at 25°C 


Toxicity 


Vapor pressure at 20°C 
Viscosity at 20°C 
Water content 


Weight per gallon at 20°C 
60°F 


Table 6.62: Physical Properties of 91% Isopropyl Alcohol (37) 


Acidity, as acetic acid 
Color, Pt-Co scale 


Distillation at 760 mm 


Fire hazard 


Flash point (open cup) 
Non-volatile matter 
Odor 


Permanganate time 


Purity 


Specific 2ravity at 22/20*C 


T oxicity 


Water content 


Weight per gallon at 20°C 
60°F 


0.0024% by wt, max. 
15 max. 


Distills entirely within a 
1.0*C range which in- 
cludes 80,4°C 


Dangerous when exposed to 
heat or open flame 


75°F 
0.005 g/100 ml, max. 
Non-residual 


30 minutes, minimum, at 
15*C when using the 
Barbet end point 


91.09% by volume, min- 
imum, at 15.56°C, 


0.8175 - 0.8185 


Moderate by ingestion; 
otherwise slight 


9% by volume, max. 


6.81 1b 
6.84 1b 


21.08 cal/g 
287 Btu/lb 


2.65% vol. 

400 ppm in air 

60.09 

0.002 g/100 ml, max. 
Non-residual 

99.5% - 99.9% by vol. 
1.3712 

0.7862 - 0.7867 
0.596 cal/g/*C 

20.8 dynes /cm 


Moderate by ingestion; 
otherwise slight 


33.0 mm Hg 
2.4 срз. 
0.5% by wt, max. 


6.55 lb 
6.58 lb 
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Table 6.63: Specific Gravity of lsopropyl Alcohol-Water Mixtures (8) 


Specific 20/20°C Specific 20/20*С Specific 20/20°C 
Gravity % Vol. % We. Gravity % vol. * wt. Gravity % Vol. ^ wt. 
1. 000 0.0 0.0 
0. 9990 0.8 0.6 0.9240 50.7 43.3 0. 8490 80. 60 74.95 
0. 9980 1.6 1.3 0.9230 51.2 43.7 0. 8460 80. 96 75.37 
0.9970 2.4 1.9 0. 9220 51.6 44,2 0. 8470 81.32 75,79 
0. 9960 3.2 2.6 0. 9210 52.0 44.6 0. 8450 81.68 76.21 
0. 9950 4.0 3.3 0.9200 52.5 45. 0 0. 8450 82.04 76. 63 
0.9940 4,8 3.9 0.9190 52.9 45.5 0. 8440 82.40 77,04 
0.9930 5.6 4.5 0. 9180 53,4 45,9 0. 8430 82.76 77, 45 
0. 9920 6,5 5,2 0.9170 53.8 46.3 0. 8420 83.12 77.86 
0.9910 7.3 5.8 0. 9160 54,2 46.7 0.8410 83. 48 78.27 
0. 9900 8.1 6.5 0.9150 54.7 47.2 0. 8400 83. 84 78.68 
0.9890 8.9 7.1 0.9140 55.1 47.6 0, 8390 84. 20 79.09 
0. 9880 9.8 7.8 0.9130 55.5 48.0 0, 8380 84.55 79.50 
0. 9870 10.6 8.4 0. 9120 56.0 48. 5 0. 8370 B4. 90 79.91 
0, 9860 11,5 9.1 0.9110 56.4 48.9 0.8360 85. 25 80. 32 
0. 9850 12.3 9.8 0.9100 56.4 48.9 0. 8350 85.60 80.73 
0.9840 13.2 10.5 0.9090 57,3 49.7 0. 8340 85, 95 81.14 
0.9830 14,0 11.2 0. 9080 57.7 50,2 0, 8330 86. 30 81. 55 
0.9820 14.9 11.9 0.9070 58.1 50.6 0. 8320 86. 65 81.96 
0.9810 15.7 12.6 0.9060 58.6 51.0 0. 8310 87.00 82.37 
0.9800 16.6 13.3 0.9050 59.0 51.4 0. 8300 87. 33 82.78 
0. 9790 17,4 14.1 0.9040 59,4 51.8 0. 8290 87.69 83. 19 
0. 9780 18. 3 14.8 0.9030 59.8 52.3 0.8280 88.03 83.60 
0. 9770 19,2 15. 5 0. 9020 60.3 52,7 0. 8270 88. 36 84.01 
0.9760 19.9 16.2 0.9010 60.7 53.1 0.8260 88.69 84. 42 
0.9750 20.8 16.9 0. 9000 61.1 53.5 0.8250 89.02 84.83 
0.9740 21,7 17. 5 0. 8990 61.5 53.9 0. 8240 89. 35 85. 24 
0. 9730 22,5 18.2 0. 8980 62.0 54.4 0, 8230 89.68 85. 65 
0. 9720 23.4 18. 8 0, 8970 62. 4 54,8 0, 8220 90.01 86.06 
0.9710 24.2 19.4 0. 8960 62. 8 55,2 0.8210 90.34 86.47 
0.9700 25.1 20.1 0. 8950 61.2 55.6 0. 8200 90. 67 86. 88 
0. 9690 25.8 20.7 0. 8940 63.6 56,0 451 s Es 
0. 9680 26.6 21.3 0. 8930 64.1 56.5 018126 225 486 
0.9670 27.3 22.0 0. 8920 64.5 56.9 0. 140 91: 93 88. 50 
0.9660 28.0 22.6 0. 8910 64.9 57.3 . 8 0 22.31 $8 o0 
0.9650 28.1 23.2 0. 8900 65.3 $7.7 0. 815 . , 
89. 30 
0. 9640 29.4 23.8 0. 8890 65.7 58. 1 0. 8140 92.53 = 
0. 9630 30.1 24.4 0. 8880 66.1 58.6 осе 25542 S 10 
0.9620 30.8 25.0 0. 8870 66.5 59.0 4816 3145 30:66 
0. 9610 31.4 25,6 0. 8860 66.9 59,4 ©6100 9317; 90.90 
0.9600 32.1 26.2 0.8850 67.3 59.8 „81 à Е 
0 94.01 91. 30 
0. 9590 32.7 26.7 0. 8840 67.7 60.2 0. 809 
0.9580 33.3 27.2 0.8830 68.0 60,7 ор 2 в 
0. 9570 33.9 27.7 0. 8820 68.4 61.2 а Васо Ga ВА 92: 49 
0, 9560 34.5 28,2 0.8810 68.8 61.5 дано 95. is 92. АБ 
0,9550 35,1 28.7 0. 8800 69.2 61.9 . : , 
0. 3040 95. 42 93.27 
0.9540 35. 7 29.2 0. 8790 69.6 62.3 
0.9530 36.3 29.7 0.8780 69.9 62.8 ЕН 5. а 
0. 9520 36.8 30. 3 0.8770 70.3 63.2 8 4016 2621 94 4) 
0.9510 37.4 30.8 0. 8760 70,7 63.6 0 8005 оссо 41746 
0.9500 38.0 31. 3 0. 8750 71.1 64. 0 б 536 се 2 за чы 
0.9490 38.5 31.8 0. 8740 ци 212 7 oroa. 9850 
dod 25 0. 8720 7212 65.3 0. 7970 97.31 95,94 
‚ 9470 39.6 32.8 . . . . . , 
p m m сна оз п Ею жи M 
0.9450 40.6 33.8 Р? ' ' i a 
DOE OM сән пао ti ли n пи 
0. 9430 41.6 34.8 . . . . ; : 
0. 7920 98. 58 97.84 
0. 9420 42, 1 35,2 0. 8670 14.0 61.4 . 8 
0.9410 42.7 35.7 Su cu. s 0:900 — 39,08 — 98.60 
0. 9400 43.2 36.1 .8 · . : : SE n s 
225 3952 с ша $21 ам 99.45 99. 36 
0. 9380 44.2 37.0 be 457% 527% 61210 29 33 од" 4 
0.9370 44.7 37.5 . . . . . 
0. 255% 45.2 322 0.8610 76.3 69.9 0.7803 100. 00 100, 00 
0.9350 45.6 38.4 0.8600 76.6 10.3 
0. г 0.8590 77.00 70.75 
(ii m ue 0.8580 77.36 71.17 
0. 9320 47.1 39.7 0. 8570 77.72 71.59 
0. 9310 47.5 40.2 0. 8560 78.08 72.01 
0. 9300 48.0 40.6 0. 8550 78. 44 72. 43 
0. 8540 78. 80 72. 85 
$1 а> 2 0. 8530 79.16 73,27 
: 8 е 0. 8520 79.52 73. 69 
dde 2t 11 0.8510 79.88 74.11 Gravity-temperature coefficient of 


0.9260 — 49.8 424 
i . 8500 : 74. $4 
0.9250 — 50.3 429 крак и : 100 & alcohol! 20-22 - .00086/"C 


~ 
>» 
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Table 6.64: Vapor-Liquid Compositions of Table 6.65: Refractive Index vs Composition of Iso- 
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Isopropyl Alcohol-Water Mixtures 
and Their Boiling Points (8) 


COWS TANT BOLING |. 
MIXTURE B7 T 9% Т 


„ы 
| 


го зо 40 50 во 
WEIGHT ее ISOPROPYL ALCOHOL IN LIQUID 
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propyl Ailcohol-Water Mixtures at 25°C (79) 


REFRACTIVE INDEX , ng AT 25°C. 


= 
е 
GOILING POINT *CENTICRADE 





ISOPROPANOL, PER CENT OY WEIGHT 


Table 6.66: Isopropyl Alcohol-Water: Kinematic Viscosity 


KINEMATIC VISCOSITY, CENTiSTOKES 


vs Composition at 25°C (79) 





ISOPROPANOL, PER CENT BY WEIGHT 


298 Industrial Solvents Handbook 


Table 6.67: Azeotropes of Isopropyl Alcohol (37) 


ISOPROPYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


до 


56 
66.7 
66 
68 
40 
28.1 
92 
82 
77 
82 


57 
64 
67 
73 
48 
45.5 
91 
22 
38 
74 
90 
48 
60.8 
70 
49.5 
77 
30 
81 
47, 
83. 
23; 
4? 
75 
70 
35 
62 
16 
94 
48 
64 
19 
57 
31 
72 
77.6 
12.2 


-J 


(o 


B.P. of Azeotrope *C 


Acrylonitrile 
Benzene 
2-Bromobutane 
2-Butanone 
n-Butylamine 
Butylisopropyl ether 
Carbon disulfide 
Carbon tetrachloride 
1-Chlorobutane 
2-Chlorobutane 


1-Chloro-3-methylbutane 
1, 3-Cyclohexadiene 
Cyclohexane 
Cyclohexene 
Diethoxymethane 
Diisobutylene 

2, 3-Dimethylbutane 
1, 3-Dimethylcyclohexane 
2, 5-Dimethylhexane 
Ethyl acetate 

Ethyl propyl ether 
Ethyl sulfide 
Ethylene dichloride 
Fluorobenzene 
n-Heptane 

Hexane 

1 -lodo-2-methylpropane 
Isobutyl chloride 
Isopropyl acetate 
Isopropyl] ether 
Methyl acrylate 
Methylcyclohexane 
Methylcyclopentane 
Methyl ethyl ketone 
Methyl isobutyrate 
Methyl propionate 
Octane 

Pentane 

Propyl ether 

Propyl formate 
Tetrachloroethylene 
Thiophene 

Toluene 
Trichloroethylene 
Vinyl acetate 


Water 


71. 
7L. 
77. 
77, 
84. 
79. 
44. 
67. 
70. 
64. 
T9 
70. 
58, 
70. 
79. 
Tis 
53, 
8l, 
79. 
74 
62. 
78, 
72. 
74. 
76. 
62. 
81. 
63. 
80. 
56. 
76. 
77, 
63, 
17; 
81. 
76. 
81. 
535. 
78. 
76, 
81. 
76. 
80. 
74. 
70. 
19. 


7 
9 
5 
9 
7 
0 
6 
0 
8 
0 
2 
4 
6 
5 
6 
8 
8 
0 
0 

.0 
Q 
0 
7 
5 
4 
7 
5 
8 
1 
2 
0 
6 
3 
3 
4 
4 
8 
5 
2 
9 
7 


л о ос о 


ISOPROPYL ALCOHOL FORMS TERNARY AZEOTROPES WITH: 


% 


1,5 
73.8 


7.5 


74 


10 


19.4 


67.7 


11 


16 


88 


32 


13.1 
48.7 


Water 


Benzene 


Water 


Cyclohexane 


Water 


Cyclohexene 


Water 


Diisobutylene 


Water 
Ethyl butyl ether 


Water 
Ethylene dichloride 


Water 


lsopropyl acetate 


Water 
Isopropyl ether 


Water 


Nitromethane 


Water 


Toluene 


B.P. of Azeotrope 


66. 


64. 


61. 


12. 


73. 


69. 


#5: 


61. 


78. 


76. 


5 


"С 


Table 6.68: The Effect of Isopropyl Alcohol on 


DILUTION RATIO 


the Dilution Ratio of Solvents (74) 


o-BUTYL ACETATE. 65%, .- 
ISOPROPYL ACETATE, 35%, 
С 


n-BUTYL ACETATE. 65%v.- 
ISOPROPYL ACETATE. 35%v 
О 


| 
-BUTYL ACETATE, 65 - С 
ISOPROPYL ACETATE, 35%v 
Ф 
me теат 


Q EA 
а С 
METHYL ISOBUTYL KETONE 
DILUENT: ALIPHATIC PETROLEUM NAPHTHA 


9 10 29 30 40 50 60 79 
PER CENT ISOPROPYL ALCOHOL BY WEIGHT 























Table 6.70: Methanol-Isopropy! Alcohol: Boiling 


BOILING POINT, "С 


Point vs Composition at 760 mm Hg (79) 


METHANOL , MOL PER CENT 





о 60 
METHANOL, PER CENT BY WEIGHT 
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Table 6.69: Viscosity of RS % Sec. Nitroceliulose 


METHANOL ,MOL PEA CENT IN VAPOR 


VISCOSITY IN CENTIPOISES 


ГГ 


in Mixtures of Toluene, Isopropyl 
Alcohol and Methyl !sobutyl Ketone (74) 









HOPPLER VISCOMETER AT 20°C 






SOLIDS CONCENTRATION 
` 8% ру weight RS Y, sec 
Nitrocelluiose 






ISOPROPYL 
ALCOHOL 









o 
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ДЦ АД | | 
уу О 








© «в е 


PERCENT BY WEIGHT OF TOLUENE 


Table 6.71: Methanol-Isopropyl Alcohol:Liquid- 


Vapor Equilibria at Atmospheric 
Pressure (19) 





о ю го зо 40 50 во то во ғ 
METHANOL , MOL PER CENT IN LIQUID 


Composition at 200 mm. Hg: 43.9 mol per cent in liquid, 
60.9 mol per cent in vapor. lsopropanol-Water ozeotrope 
contains 68.3 mol per cent isopropanol. 
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Table 6.73: Specific Gravities of Alcohols vs Temperature (8) 


Table 6.72: Vapor Pressure of Isopropyl Alcohol 
(Anhydrous) and sec-Butyl Alcohol 
at Various Temperatures (8) 


ПРЕ Не 


SEC-BUTYL ALCOHOL ^—— T 


| 
| 
| 
| 
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Temperature, °С 


ANHYDROUS 


а ее E л И 51 2 с> 
с) CN = о Ф со 
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о о о о о о о о 


9.02 /1 Аилва9 2128956 
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Temperature, °C 
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n-BUTYL ALCOHOL 


n-Butanol, Butanol-1, Butyric Alcohol СНЗСН2СН2СН2ОН 


Table 6.74: Physical Properties of n-Butyl Alcohol (31) 


PHYSICAL PROPERTIES OF n-BUTYL ALCOHOL 


Acidity as acetic acid 
Aldehydes 

Boiling point at 760 mm 
Chlorides 


Coeíficient of cubical expansion 
per °C 
per °F 


Сопот, Pt-Co 

Critical pressure 

Critical temperature 

Dielectric constant at 25°C 
Distillation range (including 117.7°C) 
Electrical conductivity at 25°C 


Explosive limits in air, Lower 
Upper 


Fire hazard 

Flash point, Tag open cup 
Freezing point 

Heat of combustion 

Heat of fusion 


Heat of vaporization at boiling 
point 


Ignition temperature 
Iron 

MAC 

Melting point 
Molecular weight 
Non-volatile matter 
Odor 


Refractive index at 20°C, np 


Relative evaporation rate, 
n-butyl acetate = 1 


Solubility in water at 20°C 


Solubility of water in 
n-Butanol at 20°C 


Specific gravity at 20/20°C 
Specific heat of liquid at 20°C 
Sulfuric acid test (Pt-Co}) 
Surface tension at 20°C 
Suspended matter 


Toxicity 


Vapor pressure at 20°C 
40°C 
60°C 
75°C 

100.8“С 

Viscosity at 20°C 

Water content 


Weight per gallon at 20°C 


0.005% by wt, max. 
None 
117, 7*С 


Копе 


0.00093 
0.00052 


10 max. 
48.4 atm 
287°C 

16.1 

1.5*C max. 


9.12 x 10% reciprocal 
ohms 


1.45% by vol. 
11,25% by vol. 


Moderate 
115°F 
-89.0°C 
8626 cal/g 
29.9 cal/g 


141.3 cal/g 

367°C 

None 

100 ppm in air 

-89. 8°C 

74.12 calculated 
0.005 g/100 ml, max. 


Characteristic, non- 
residual 


1.3992 


0.45 
7.8% by wt 


20.1% by wt 
0.8109 

0.563 cal/g 

25 max. 

24.6 dynes/cm 
Substantially free 


Moderately toxic by 
inhalation, ingestion 
and skin absorption 


4.39 mm Hg 
18.6 mm Hg 
59.2 mm Hg 
131.3 mm Hg 
409.0 mm Hg 


2.948 centipoises 
0.10% by wt, max. 
6.756 lbs 


Table 6.75: Vapor Pressure of Butyl Alcohol 
at Various Temperatures (79) 


VAPOR PRESSURE, mm. Hg 








ЕВА 
ЧЕНИ 
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зо 40 50 60 TO 80 90 100 12 160 
TEMPERATURE , °C. 






BUTANOL , PER CENT BY WEIGHT 


Table 6.76: Solubility of Water in Butyl Alcohol 
at Various Temperatures (79) 





2 30 
TEMPERATURE, “С. 
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Table 6.77: Solubility of Buty! Alcohol in Water at Various Temperatures (79) 


Table 6.78: Azeotropes of n-Butyl Alcohol (37) 


WATER, PER CENT BY WEIGHT 





TEMPERATURE , °C. 


n-BUTYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


до 


87 
68.5 
32.8 
12 
76.4 
92.2 


44 
88 
90 
95 
17,5 
57 
72 
48 
36 
37 
83 
82 
97 
18,2 
20 
22 
31 
50 
52 
46 
55 
86 
92 


Methyl isovalerate 


4-Methyl-2-pentanone 


Octane 

Paraldehyde 
a-Pinene 

Pyridine 

Styrene 
Tetrachloroethylene 
Toluene 

o-Xylene 

p-Xylene 


B.P, of Azeotrope *C 


116.3 
114.4 


110.2 
115.8 
117.4 
118,7 
116.5 
110.0 
105.6 
116.8 
115.7 


n-BUTYL ALCOHOL FORMS TERNARY AZEOTROPES WITH: 


B.P. of Azeotrope °C % 

Acetal 101.0 60 
1-Bromo-3-methylbutane 110.7 70 
Butyl acetate 117.6 50 
Butyl ether 117.3 48 
Butyl formate 105.8 12 
Butyl vinyl ether 93.3 29 
Camphene 117.8 21 
Chlorobenzene 115.3 68 
1-Chloro-3-methylbutane 97.0 23 
Сус! оБехапе 79.8 25 
Сус! оћехепе 82.0 32 
Dibutyl ether 117.6 

1, 3-Dimethylcyclohexane 108.5 

2,5-Dimethylhexane 101.9 

Ethyl borate 113.0 

Ethyl butyrate 115.7 

Ethyl carbonate 116.5 

Ethyl isobutyrate 109.2 ^ 
Heptane 93.3 37.3 
Hexane 67.0 35.3 
2-Hexanone 116.5 

3-Hexanone. 117.2 ha 
1 -Iodo-3-methylbutane 117.3 fed 
јвоату1 formate 115.9 29.3 
Isobutyl acetate 114.5 27,7 
Isobutyl ether 113.5 21.3 
Isopropyl isobutyrate 115.5 68.7 
isopropyl sulfide 112.0 

Methylcyclohexane 95.3 an 
Methylcyclopentane 71.8 зн 


Water 
Butyl acetate 


Water 


Butyl chloroacetate 


Water 
Butyl ether 


Water 
Butyl formate 


Water 
Carbon tetrachloride 


B.P. of Azeotrope °C 


89.4 


93.1 


91.0 


83.6 


64.7 
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ISOBUTYL ALCOHOL 
lsobutanol, 2-Methy! Propanol~1, isopropyl Carbino! (СН4)СНСНЈОН 
Table 6.79: Physical Properties of Table 6.80: Azeotropes of Isobutyl Alcohol (31) 


Isobutyl Alcohol (31) 


Alkalinity 0.003% by wt, max. ISOBUTYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 
Boili int 7 1.9“ 
oiling point at 760 mm 107.9"С 7, B.P. of Azeotrope °C 
Coefficient of cubical 
“sexpansion at 10 to 30°C 0.95 x 103 90.7 Benzene 79.9 
Color, APHA 10 max. 36.4 |l -Bromo-3-methylbutane 103.4 
Critical pressure 48 atm 60 Butyl formate 103.0 
Critical temperature 265*C 37 Chlorobenzene 107.1 
Distillation range (including 78 1 -Chloro-3-methylbutane 94.5 
107.9*C) | 2'C max. | 
| ТЕ Ы 88 1, 3-Cyclohexadiene 79.4 
Electrical conductivity at 25*C 8 x 10? mho per cm. 86 Cyclohexane 18.1 
Evaporation rate 
(n-Butyl Acetate - 1.0) 0.8 85.8 Cyclohexene 80.5 
Exalosive-Tiite- In air: 44 1, 3-Dimethylcyclohexane 102.2 
lower limit 1.68% by volume 48 Ethyl isobutyrate 105.5 
Fire hazard Moderate 87 Ethyl propionate 98.9 
Flash point, Tag open cup 103°F 91 Fiuorobensene 84.0 
Heat of combustion 6382 cal/g 73 Heptane 90.8 
Heat of vaporization at boil- Ji 97.5 Hexane 68.3 
i int 138 cal mole 
SOR pore dae 5 45 laobutyl acetate 107.4 
Ignition t erature Ы 
тия 19.4 lsobutyl formate 97.8 
Melting point -108°C ‚ 
93.8 Isobutyl vinyl ether 82.7 
Molecular weight 74.12 calculated | 
27 Isopropyl sulfide 105,8 
Non-volatile matter 0.001 g/100 ml, max. 
75 Methyl] butyrate 101.3 
Refractive index at 20°C, np 1.3959 
68 Methylcyclohexane 92.6 
Solubility in water at 25°C 8.8 ml per 100 ml 
таи 95 Methylcyclopentane 71.0 
Solubility of water in isobutyl | 
alcohol at 25*C 20.0 ml per 100 ml 10 Methyl isovalerate 107.5 
Specific gravity at 20/20°C 0.8034 9 4-Methyl-2-pentanone 107.9 
Specific heat at 15*C 0.716 cal/g/*C 81 2-Pentanone 101.8 
Surface tension at 20*C 22.8 dynes /cm 80 3-Pentanone 101.7 
Toxicity Highly toxic by in- 68 Pinacolone 105.5 
halation or ingestion 83 Propyl acetate 101.0 
Vapor density (Air = 1.0) 2.55 90 Propyl ether 89.5 
Vapor pressure at 20*C | 8.8 mm 55 Toluene 101.2 
Viscosity at 20°C 6.68 centipoises 73 2,2,4-Trimethylpentane 92.0 
Water content 0.2% by wt, max. 
Weight per gallon at 20°C 6.68 lbs 


ISOBUTYL ALCOHOL FORMS TERNARY AZEOTROPES WITH: 


30.4 Water 
46.5  Isobutyl acetate 86.8 
33.6 Water 

90.2 
13,3 Isobutyl chloroacetate 
17.3 Water 

80.2 


76 Isobutyl formate 
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Table 6.81: Relative Evaporation Rates of Various Butyl Alcohols and Acetates (47) 


sec-BUTYL ALCOHOL 


PERCENT EVAPORATION 


7 
/ 100% n-butyl Acetate 
9056 hobutyl Acetote 90% a-Butyl Acetate 


УИ Alcohol 


n-Butyl! Alcohel 


| | | 1 | Eg b 


EVAPORATION RATE IN MINUTES 


sec-Butanol, Butanol -2, Methyl Ethyl Carbinol 


Table 6.82: Physical Properties of sec- 


Butyl Alcohol (31) 


Acidity as acetic acid 
Boiling point at 760 mm 


Coefficient of cubical 
expansion at 20*C 


Color, Pt-Co (Hazen) 
Critical pressure 
Critica] temperature 
Distillation range 
Fire hazard 


Flash Point, Tag open cup 
Tag closed cup 


Freezing point 

Heat of vaporization at ] atm. 
Molecular weight 
Non-volatile matter 

Purity 

Refractive index at 20*C np 


Relative evaporation rate, 
n-Butyl acetate = 100 


Solubility in water at 20°C 
Solubility of water in, at 20°C 
Specific gravity at 20/20°C 
Specific heat at 8.5°C 

Surface tension at 20°C 
Toxicity 

Vapor pressure at 20°C 
Viscosity at 20°C 

Water, presence of 


Weight per gallon at 20°C 


0.003% by wt, max. 


99.5°C % 
0,00101°С 61 
10 тах. 93 
46.9 atm 84.6 
265.19°C 13.7 
98.0-101.0°C 32 
Dangerous when exposed 71 
to heat or flame 79 
а « 
-114.7*C эз 
134.4 g cal/g °з 
74.12 62 
0.002 ml, max. ЗА 
99.0% min. 90 
1.39719 = 
59 
120 88.5 
22.5% by wt 77 
60.0% by wt 42 
0.8079 16 
0.596 48 
23.0 dynes/cm 78 
Moderate 45 
12.1 mm 
3.78 cpe. 


Miscible without tur- 
bidity with 19 vol. 
of n-heptane at 20°C 


6.73 1b 


20 0 4 о € до о ю ко 


по 12 


CH3CHOHCH2CH3 


B.P. of Azeotrope °C 


tert-Amyl ethyl ether 
tert- Amyl methyl ether 
Benzene 

sec-Butyl acetate 

Butyl formate 

l] -Chloro-3-methylbutane 
Cyclohexene 

2, 5-Dimethylhexene 
Ethyl propionate 

Ethyl sulfide 

Heptane 

Hexane 

Isobutyl formate 

Methyl butyrate 
Methylcyclohexane 


Methylcyclopentane 
Methyl isobutyrate 
3-Pentanone 
Pinacolone 

Propyl acetate 
Propyl ether 
Toluene 


94.5 
86.0 
78.6 
99.6 
98.0 
91.5 
78.7 
93.0 
95.7 
89.0 
89.0 
67.2 
94.7 
97.7 
89.9 


92.0 
98.0 
99.1 
96.5 
87.0 
95.3 


305 


Table 6.83: Azeotropes of sec-Butyl Alcohol (37) 


sec-BUTYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 
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tert-BUTYL ALCOHOL 


tert-Butanol, 2-Methyl Propanol -2 (CH3)3C OH 


Table 6.84: Physical Properties of tert- 
Buty! Aicohol (37) 


Table 6.85: Azeotropes of tert- 
Buty! Aicohol (37) 


Acidity as acetic acid 0.003% by wt, max. tert-BUTYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


Boiling point at 760 mm 82.36°C ғ, B.P. of Azeotrope Те 
Coefficient of cubical expansion 
at 26°C 0.90132°C 63.4 Benzene 74.0 
Color, Pt-Co (Hazen) max. 10 max. 94 Carbon disulfide 45.7 
Compressibility at 20°C, 76 Carbon tetrachloride 29.5 
between 100-500 megabars 79.6 x 10'* megadynes/cm 41 1 -Chloro-3-methylbutane 81.2 
Critical pressure 46 atm 61.5 1, 3-Cyclohexadiene 73,4 
Critical temperature 234.9*C 63 Cyclohexane 71.3 
Dielectric constant at 19*C (audio) 11.4 cgs units 60 Cyclohexene 13.2 
Distillation range 81.5-83.0"С 93 Cyclopentane 48.2 
| 18 
Dipole moment 1.65 х 10 65 Dibromodichloromethane 79.0 
ісе атаке Dangerous when exposed 94 1 1 -Dichloroethane 57.1 
to heat or flame ' ' 
Flash point, Tag open cup 60°F (approx. ) ii и и 
Tag closed cup 48°F (approx. ) 87 2, 3-Dimethylbutane 55.3 
Freezing point 25,57*C 10 1, 3-Dimethylcyclohexane 82.2 
Heat of combustion 23 2,5-Dimethylhexane 81.5 
Liquid at constant volume 6290 cal/g 
constant pressure 6302 cal/g C о Тай 
Vapor at constant pressure 6426 cal/g 38 Ethyl nitrate 78.0 
Heat of fusion at 25.5"С 21.88 cal/g ik Fahy louise Та 
Heat of solution at 15°C, 69 Fluorobenzene 76.0 
of the solid alcohol in water 3.23 kg cal 38 Heptane 78.0 
Heat of vaporization at ] atm, 130.6 g cal/g 78 Hexane 63.7 
Melting point 25.57°C 83 Isobutyl chioride 65.5 
Molecular weight 74.12 34 Methylcyclohexane 78.8 
Molecular volume, 20/Ум 94.3 сс 74 Methylcyclopentane 66.6 
Non-volatile matter 0.002 g/100 ml, max. 70 Methylcyclopentene 69.5 


Purity 


99.0% by wt, min. 


Refractive index at 20°C, np 1. 3841 
Solubility at 20°C, in water Complete 
water in Complete 
Specific heat at 26°C 0.726 g cal/g 
Specific gravity at 26/4°C 0.7793 
Surface tension at 20°C 20,7 dynes 
34.5"С 19.45 dynes 
80°C 14,6 dynes 
Toxicity Moderate 
Vapor pressure at 30°C 57.3 mm 
Viscosity at 30°C 3.316 cps. 


Water 


Weight per gallon at 26°C 


Miscible without turbid- 
ity with 19 vol. of 
n-heptane at 20°C 


6.50 lb 


PRIMARY AMYL ALCOHOL 


Monohydric Alcohols 


Primary amyl alcohol, a mixture of isomers all of which are primary alcohols, 
is composed of approximately 6096 pentanol-1 (CH3CH2CH2CH2CH2OH); 
3596 2-methyl butanol-1 (CH3CH2CH (CH3)CH2OH); and 596 3-methyl butanol -1 


(CHa4CH (CH3)CH2CH42OH). 


Acidity as acetic acid 


Boiling point at 760 mm 
50 mm 
10 mm 


Carbonyl, as C, aldehyde 
Coefficient of expansion at 20°C 
Color, Pt-Co 


Distillation at 760 mm Ibp 
Dp 


Fire hazard 
Flash point (open cup) 


Freezing point 


Heat of vaporization at 133°C 
Purity, as primary amyl alcohols 
Refractive index at 20°C, np 
Solubility in water at 20°C 
Solubility of water in, at 20°C 
Specific gravity at 20/20*C 


PRIMARY n-AMYL ALCOHOL 


Acidity (mg KOH/g) 
Boiling point 
Clarity 


Coefficient of expansion 
per °C 


Diatillation, initial 
final 


Fire point 
Fire hazard 
Flash point (open cup) 


Heat of vaporization 


Melting point 

Molecular weight 
Non-volatile matter at 100°C 
Refractive index at 20°C 
Specific gravity at 20/20°C 
Specific heat 

Toxicity 


Viscosity at 25°C 
60°C 


Weight per gallon 


Table 6.86: Physical Properties of Primary Amyl Alcohol (19) 


0.01% by wt, max. 
133.1*C 

68*C 

39°C 

0.20% by wt, max. 
0.00092 per °C 
15, max. 


127.5*C 
139.0*C, max. 


Moderate 
118*F 


Sets to glass below 
-90*C 


242 Btu/lb 

98.0% by wt, min. 
1.4084 

1.7% by wt 

9.2% by wt 

0.8134 


Table 6.87: Physical Properties of Primary n-Amyl Alcohol (31) 


0.06 max. 
137.8*C 


No turbidity or sus- 
pended matter 


0.00092 


Not below 134, 8°C 
Not above 140.0"С 


140°F 
Moderate 
135°F 


120.6 cal/g (cal- 
culated } 


-78.5"С 

88.15 (calculated) 
5.0 mg/100 ml, max. 
1.4099 

0.82 

0.712 cal/g 


Highly toxic by inhal- 
ation and ingestion 


3.31 centipoises 
1.33 centipoises 


6.82 1bs 
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sec-AMYL ALCOHOL 


Table 6.88: Physical Properties of sec- 


Amyl Alcohol (31) 


Acidity as acetic acid 
Boiling point 
Coefficient of expansion 
per 1*F 
1°С 
Distillation range 


Evaporation rate at 90°F 
in minutes: 5% 
25% 
50% 
75% 
90% 
95% 


Flash point, Open cup 
Fire hazard 


Heat of vaporization 


Non-volatile at 100°C 

Purity 

Refractive index at 25°C, np 
Solubility of water in 
Specific gravity at 20°C 


Toxicity 


Weight per gallon at 20°C 


0.02% max. 
119.3*C 


0.00053 
0.00095 


105* - 125*C 


2.25 
11.75 
24.25 
38.25 
50.25 
56.50 


105°F 
Moderate 


97.8 cal/g (cal- 
culated) 


0.003 g/100 cc max. 
99% by wt, min. 
1.4041 

8.2% by vol. 


0.811 


Highly toxic by ingestion 
and inhalation 


6.75 lbs 


Table 6.89: Azeotropes of sec-Amyl Alcohol (31) 


sec-AMYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


% 


45 
62 
33 
53 
85 
68 
59 
82 
80 
44 
72 
30 


B.P. of Azeotrope *C 


Chlorobenzene 

1, 3-Dimethylcyclohexane 
Ethylbenzene 
Ethyl butyrate 
Heptane 

Isobutyl acetate 
Isobutyl ether 
Methylcyclohexane 
Methyl isovalerate 
Octane 

Toluene 


m -Xylene 


118. 
113. 
118. 
118. 

96. 
116. 
115. 

98. 
115. 
114. 
107. 
118. 


é 
0 
0 
5 
0 
5 


о о ос о 


3 


906 


зоодрион sjuaa]og ]orusnpu] 
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sec-n-AMYL ALCOHOL 


Table 6.90: Physical Properties of sec-n-Amyl Alcohol (31) 


Acidity as acetic acid 0.06% max. 
Boiling point 115.6°C 
Coefficient of expansion 
per °C 0.00149 
Distillation, 95% Between 113.6 - 117.6*C 
Fire hazard Moderate 
Flash point 100°F 


Freezing point 

Heat of vaporization 
Non-volatile at 100°C 
Refractive index at 20°C 
Specific gravity at 20°C 


Toxicity 


Viscosity at 25°C 
60°С 
Weight per gallon at 20°C 


Table 6.91: Azeotropes of sec-n-Amyl Alcohol (31) 


Less than -75°C 

96.8 cal/g (calculated) 
0.003:g/100 cc max. 
1.4098 

0.82 


Highly toxic by inhalation 
and ingestion 


4.12 centipoises 
1.09 centipoises. 


6.81 lbs 


sec-n-AMYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


% B.P. of Azeotrope °C 
97 Cyclohexane 80.0 
80 Heptane 96.0 
71 Methylcyclohexane 97.4 
65 4-Methyl-2-pentanone 115.0 


65 Toluene 106.0. 
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tert-AMYL ALCOHOL, REFINED 


2-Methyl Butanol -2, Dimethylethy! Carbinol, Amylene Hydrate, tert-Pentanol (СНз)2СОНСН2СНЗ 


Table 6.92: Physical Properties of Refined tert-Amyl Alcohol (37) 


Acidity as acetic acid 
Boiling point 
Clarity 


Coefficient of expansion 
per °C 


Distillation, 95% between 


Fire hazard 


Flash point, Open cup 
Freezing point 

Heat of vaporization 
Molecular weight 
Neutralization value, mg KOH/g 
Non-volatile matter 

Odor 

Refractive index at 20°C 
Specific gravity at 20/20°C 
Specific heat 

Toxicity 


Viscosity at 25°C 
at 63°C 


Water content 


Water tolerance, water 
per 100 cc alcohol 


Weight per gallon 


Table 6.93: Azeotropes of tert-Amyl Alcohol (31) 


0.15% max. 
101.8°C 


No turbidity or sus- 
pended matter 


.0.00133 (calculated) 


98.8 - 103.8"С 


Dangerous when exposed 
to heat or flame 


70°F 

-11.9*C 

93.4 cal/g 

88.15 (calculated) 
0.06 max. 

0.003 g/100 cc, max. 
Camphor -like 
1.4052 

0.81 - 0.82 

0.753 cal/g 
Moderate 


3.70 centipoises 
0.99 centipoises 


None 


18.0 min. 
6.75 ]bs 


tert-AMYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


4 B.P. of Azeotrope °C 
85 Benzene 80.0 
85 1, 3-Cyclohexadiene 79.7 
84 Cyclohexane 78.5 
83 Cyclohexene 80.8 
32 1, 3-Dimethylcyclohexane 101.1 
50 2,5-Dimethylhexane = 97.0 
73,5 Heptane 92.2 
96 Hexane 68.3 
60 Methylcyclohexane 92.0 
95 Methylcyclopentane 71.5 
25 Octane 101.1 
80 Propyl ether 88.8 
44 Toluene 100.5 
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ISOAMYL ALCOHOL 
3-Methyl-1-Butanol, Primary lsoamyl Alcohol, lsobutyl Carbinol (CH4),CHCH4CH4OH 
Table 6.94: Physical Properties of isoamyl Table 6.95: Azeotropes of isoamyl Alcohol (31) 


Alcohol (31) 


Acidity as acetic acid 0.01% тах. ISOAMYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 
Boiling point at 760 mm 131.4"С a, B.P. of Azeotrope "С 
Coefficient of expansion 
per °C 0.00090 15 Bromobenzene 131.7 
Гес 90:90989 82.5 Butyl acetate 125.9 
Color, APHA No. 10 max. 35 Butyl ether 129.8 
Critical temperature 307°C 76 Camphene 130.9 
Distillation range, below 128°C None а 
above 132°C ‘None 66 Chlorobenzene 124,4 
Dryness A 5 ml. sample is clearly 6 Cumene 131.6 
miscible with at least 73 1, 3-Dimethylcyclohexane 116.6 
19 parts of 60 Be gas - 3 
oline at 60°F 85 2, 5-Dimethylhexane 107.6 
Esters Not more than 0.060% as 42 Ethyl isovalerate 130.5 
amyl acetate 93 Heptane 97.7 
Fire hazard Moderate 2.6 Isoamyl acetate 129.1 
Flash point, Open cup 125*F 74.5 Isoamyl formate 123.6 
Heat of combustion 794.5 gram calories 88 Isoamyl vinyl ether 112.1 
реке 78 Isobutyl ether 119.8 
Latent heat of rizatio 105.4 lori 
pe rec ae АТ aN ay пышы RUIT 28 Isobutyl propionate 131.2 
MAC 100 ppm in air | 76 Mesityl oxide 129.2 
Melting point -117.2*C 87 Methylcyclohexane 98.2 
Molecular weight 88.15 65 Octane 120.0 
Non-volatile matter 0.003% max. 78 Paraldehyde 123.5 
Odor Alcoholic, non-residual 26 a-Pinene 137.7 
Refractive index at 20°C 1.4014 47 Ргору! isobutyrate 130.2 
Solubility in water ак 14“С 2.0% by wt 21 Propyl sulfide 130.5 
Specific gravity at 20/20*C 0.810 - 0.813 95 2,2,4-Trimethylpentane 99.0 
Specific heat at 20°C 0.544 gram calories 48 o-, m-, or p-Xylene 125-126 
per gram per *C 
Surface tension at 20*C 23.8 dynes per cm ISOAMYL ALCOHOL FORMS TERNARY AZEOTROPES WITH: 
Toxicity Highly toxic by ingestion 
and inhalation до B.P. of Azeotrope "С 
Vapor pressure at 20*C 2.8 mm Hg 44.8 Water 
Viscosity (absolute) at 23.8*C 3,86 centipoises 24.0 Isoamyl acetate 93.6 
Weight per gallon at 20*C 6.76 lbs approx. 
46.2 Water 
95.4 
6.5 Isoamyl chloroacetate 
32.4 Water 
89.8 


48 Isoamyl formate 
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ACTIVE AMYL ALCOHOL 


Table 6.96: Physical Properties of Active Amyl Alcohol (37) 


FUSEL OIL, REFINED 


Acidity {mg KOH per g) 
Boiling point 


Coefficient of expansion 
per °C 


Distillation: 95% 
30% 


Flash point, Open cup 
Freezing point 

Heat of vaporization 
Refractive index at 20°C 
Residue 

Specific gravity at 20/4°C 


Viscosity at 20°C 
60°C 
Weight per gallon at 20°C 


0.06 max. 
128*C 


0.00078 


Between 125 - 131*C min. 
Above 130*C max. 


120*F 

Less than -70°C 

100.0 cal/g (calculated) 
1.4097 

0.003 g/100 cc 

0.816 


5.09 centipoises 
1.44 centipoises 


6.80 lbs 


Refined fusel oil ís a volatile, poisonous, oily mixture consisting largely of amyl alcohols. 


Table 6.97: Physical Properties of Refined Fusel Oil (37) 


Acidity as acetic acid 


Coefficient of expansion 
per 1°C 
1°F 


Color, APHA 


Distillation range (ASTM) 
below 110°C 
below 120°C 
below 130°C 
above 135°C 


Dryness 


Evaporation rate at 95°F 


Fire hazard 


Flash point, Open cup 
Closed cup 


Specific gravity at 20/20*C 
T oxicity 


Water solubility at 25°C, 
100 сс solvent dissolves. 


Weight per gallon at 20°C 


0.01% max. 


0.00051-0.0006 
0.00092-0.0011 


No. 10 max. 


None 

Not more than 15% 
Not less than 60% 
None 


A 5 ml. sample is clearly 
miscible with at least 
19 parts of 60* Bé gas- 
oline at 60*F 


* Minutes 

5 3.5 
25 17,0 
50 36.5 
75 64.75 
90 90.25 
95 103.5 
Mode rate 


123*F, approx. 
106*F, approx. 


0. 810- 0. 815 


Highly toxic by ingestion 
and inhalation 


9.9 cc water 
6. 16 - 6. 77 lbs. 
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METHYLAMYL ALCOHOL 
Methyl Isobutyl Carbinol, 4-Methylpentanol-2, МВС (CH4)5 CHCH4CHOHCH4 


Methylamyl! alcohol is a secondary alcohol. 


Table 6.98: Physical Properties of Methylamyl Alcohol (31) 


Acidity as acetic acid 0.005% by wt, max. Heat of vaporization at l atm, 98.6 g cal/g 
Azeotrope with water: MAC 25 ppm in air 
boiling point, 760 mm, *C 94.3 : 
methyl amyl alcohol, %w 55.6 molecules: Weight eld 
11 + в 
Boiling point at 760 mm 131.63 - 131.8*C былай 0.005 g/100 ml max 
ил ‘ : Odor Mild and nonresidual 
Coefficient of cubical expansion ; 
at 20*C/*C 0.00103 Purity, minimum 97.5% by wt 
Color, Pt-Co scale 10 max. Refractive index at 20*C, np 1.4081 - 1.4113 
Critical pressure, atm. 42.4 Solubility in water at 20*C 1.7 - 1.8% by wt 
Critical temperature 312°C Solubility of water in, at 20°C 5.8 - 6.2% by wt 
Distillation range, 760 mm 130.0 - 133.0°C Specific gravity at 20/20°C 0.8079 - 0.8080 
Fire hazard Moderate Specific heat at 20°C 0.52 g cal/g-*C 
Flash point, Tag open cup 131°F Surface tension at 20°C | 22.8 dynes/cm 
Tag closed cup 106°F Suspended matter Substantially free 
Freezing point -90*C, sets to a glass 
below 
2-ETHYLBUTYL ALCOHOL 


Table 6.99: Physical Properties of 2-Ethylbutyl Alcohol (31) 


Acidity as acetic acid 0.02% max. Solubility in water at 20°C 0.43% by wt 

Boiling point at 760 mm 147.0"С Solubility of water in, 

Boiling range at 760 mm at 20°C 4-6% Бум 
below 140°C None " Specific gravity at 20/20*C 0.8328 
below 145*C Not more than 5 p 2 
below 155*C Not less than 95% Specific heat at 25°C 0.586 cal/g 
above 160°C None Surface tension at 28°C 28.05 dynes/cm 

Coefficient of expansion Vapor pressure at 20°C 1.2 mm 
per *C 0.000892 to 20*C ка oe 

0.000921 to 55°C Viscosity at 20°C 5.63 cps. 
Dryness at 20°C Miscible with 19 Weight per gallon at 20°C робоче 
vol. of 60° Be 
gasoline 

Flash point 
( ASTM open cup) 58°C (137°F) 

Heat of vaporization, ] atm. 196 Btu/1b 

Molecular weight 102.17 

Non -volatile matter 0.005% max. 


Refractive index at 20°C 1.4229 
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n-HEXYL ALCOHOL 


n-Hexanol, Hexanol-1, Amyl Carbinol 


CH 3(CH2)4CH2OH 


Table 6.100: Physical Properties of n-Hexyl Alcohol (31) 


Acidity as acetic acid 


0.01% by wt Refractive index at 20°C, np 1.4181 

Boiling point at 760 mm 157,1"С Solubility in water at 20°C 0.58% by wt 

е aa AE Solubility of water in, at 20*C 7.2% by wt 
Boiling range at 760 mm 153 to 160°C Specific gravity at 20/20°C 0.8203 - 0.8208 
Color (Pt-Co Scale) 15 max. Specie Heat а те “ мм СЕ 
Fore hazara Mocerate Surface tension at 30°C 23.6 dynes/cm 
Flash point (Open cup) 165*F Suspended matter Substantially free 
Freezing point -44.6*C Vapor pressure at 20°C 0.43 mm 
Heat of vaporization at 1 atm. 213 Btu/lb Viscosity (absolute) at 20*C 5:4 Gps 
„уч коа Капа c 520118, Water content Miscible without turbid- 
Iodine number 1.2 min. ity with 19 vol. of 60* 
Molecular weight 102.17 а соку 
Odor Mild Weight per gallon at 20°C 6.83 lbs 


Table 6.101: Solubility of Water in 


Table 6.102: Azeotropes of Hexyl Alcohol (37) 


n-Hexyl Alcohol (31) 
HEXYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 





% В.Р. of Azeotrope °C 

63.5 Anisole 151.0 

27 Benzyl methyl ether 156,7 

52 | Camphene 150.8 

56 o-Chlorotoluene 153.5 

46 p-Chlorotoluene 154.0 

- 65 Cumeme 149.5 
5 53 | 2, 7-Dimethyloctane 152.5 
: 11 Isoamyl ether 157.0 
- 40 Isoamyl propionate 156.7 
о 50 Isobuty] butyrate 155.0 
: 45 Mesitylene 153.5 
< 19 Phenetole | 157,7 
í 60 a -Pinene 150.8 
55 Propylbenzene 152.5 

32 Pseudocumene 156.3 

71 Styrene 144.0 

85 m -Xylene 138.3 

82 o-Xylene 143.6 

TEMPERATURE , *C. 8? p-Xylene 137.0 


CYCLOHEXYL ALCOHOL 


Table 6.103: Physical Properties of Cyclohexyl Alcohol (31) 


Boiling point at 760 mm 

Boiling range at 700 mm, 5-95% 
Color, APHA 

Crystallization point 

Dielectric constant at 25°C 
Evaporation rate at 45°C (toluene = 100) 
Fire hazard 


Flash point (Closedcup) 
(Opencup) 


Freezing point 

Heat of combustion, liquid 
Heat of fusion 

Heat of vaporization 
Ketone as cyclohexanone 
Phenol 

Refractive index at 20°C 
Solubility in water at 20°C 
Solubility of water in at 20°C 
Specific gravity at 20/4°C 
Specific heat at 15-18°C 


Surface tension at 16.2°C 


161.1*C (322*F) 
156-163*C 

10 max. 

-10*C min. 
15.0 

8 approx. 
Moderate 


145°F 
154°F 


18-25.15 С 
8893 cal/g 
4.9 cal/g 

108 cal/g 
0.5% max. 
0.05% max. 
1.4656 

3.6% by wt. 
20% by wt. 
0.9493 

0.417 cal/gm 
34.23 dynes/cm 


Toxicity 
Vapor density (air = 1,00) 


Vapor pressure at 20 °C 
70 
80 
100 
120 
140 
150 
161.1 


Viscosity а: 25 “С 
39.1°C 
65.9°C 
90 “С 

Water 


Weight per gallon at 20°C (48°F) 


Table 6.104: Azeotropes of Cyciohexyl Alcohol (31) 


CYCLOHEXYL ALCOHOL FORMS BINARY AZEOTROPES WITH 


% 
70 Anisole 
38 Benzyl methyl] ether 
59 Camphene 
85 Chloroacetal 
62 o-Chlorotoluene 
45 p-Chlorotoluene 
8 Cineole 
72 Cumene 
28 Сутепе 
25 Indene 
22 Isoamyl ether 
37 Isoamyl propionate 
80 Isobutyl butyrate 
35 a-Phellandrene 
60 Propylbenzene 
83 Propyl isovalerate 
40 Pseudocumene 
35 a-Terpene 
22 Thymene 
95 m-Xylene 


86 o-Xylene 


B. P. of Azeotrope °С 
152.5 
159.0 
151I.9 
155.6 
155.5 
156.5 
160.55 
150,0 
159.5 
160.0 
158.8 
157.7 
156.0 
158.0 
153.8 
155.1 
158.0 
158.3 
159.8 
138.9 
143.0 
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Moderate by ingestion 
and inhalation 


3.45 


0.8 mm 
15 
27 
78 
187 
398 
554 
760 


49.8 
20.3 cps. 
5.8 cps. 
2.45 срв. 


0.5% тах. 
7.91 lba, 


centipoises 
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HEPTYL ALCOHOL 


Heptanol-1, Alcohol C-7 


Table 6.105: Physical Properties of Heptyl Alcohol (31) 


Boiling point at 765 mm 
Freezing point 
Refractive index at 20*C, np 


Specific gravity at 20/4°C 


Table 6.106: Azeotropes of Heptyl Alcohol (37) 


2-HEPTYL ALCOHOL 


С7Н15ОН 


175°C 
-34.6*C 
1.4233 
0.824 


HEPTYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


% 

80 Benzyl methyl ether 
90 , Camphene 

53 Cymene 

50 Dipentene 

63 lsoamy! ether 

92 Isobutyl isovalerate 
48 p-Methylanisole 

72 Phenetole 

60 a-Terpinene 


Heptanol -2, Methylamyl Carbinol 


Table 6.107: Physical Properties of 2-Heptyl Alcohol (31) 


B.P. of Azeotrope °C 


167.0 
159.3 
172.5 
172.7 
170.4 
171.0 
173.0 
169.0 
169.7 


СН. (СН, СНОНСН, 


2-Heptyl alcohol is a secondary alcohol. 


Acidity as acetic acid 


Boiling point at 760 mm 


Boiling range at 760 mm, below 155°C 


below 158°C 
below 162°C 
above 165°C 


Color (Pt-Co scale) 
Dryness at 20°C 


Fire hazard 

Flash point (Open cup) 
Solubility in water at 20°C 
Solubility of water in at 20°C 
Specific gravity at 20/20°C 
Vapor pressure at 20°C 
Weight per gallon at 20°C 


0.03% by wt., max. 
160.4°C 


None 
Not more than 5% 
Not less than 95% 
None 


15, max, 


Miscible with 19 vols. 
60* Bé gasoline 


Moderate 
160°F 

0.35% by wt. 
5.80% by wt. 
0.8187 

1.0 mm 

6.81 lbs. 
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3-HEPTYL ALCOHOL 


Heptanol -3 CH4CH4CH(OH)C,4Ho 


Table 6.108: Physical Properties of 3-Heptyl Alcohol (31) 


Acidity as acetic acid 0,02% Ьу мл. 
Boiling point at 760 mm | 156.2*С 
Boiling range 153-158'C 
Color, APHA (Pt-Co scale) 5 
Fire hazard Moderate 
Flash point 140°F 
Freezing point -70°C sets to glase below 
Specific gravity at 20/20°C 0.8224 
Vapor pressure at 20°C 0.58 mm 
Weight per gallon at 20°C 6.84 lbe. 
2-ETHYLHEXYL ALCOHOL 
2-Ethylhexanol, Octyl Alcohol СН2СН2СН2СН(С2Н5)СН2ОН 


Table 6.109: Physical Properties of 2-Ethylhexyl Alcohol (31) 


Acidity as acetic acid 0.01%, max. Heat of vaporization, l atm. 167 Btu/1b 
Aldehydes None Molecular weight 130.22 
Boiling point at 760 mm 184,8°C Refractive index at 20°C, np 1.4316 
Boiling range, below 180°C None Solubility in water at 20°C 0.10% by wt 
| above 172°C Nong Solubility of water in, at 20°C 2.6% by wt 
MC of expansion — ве Specific gravity at 20/20*C 0.8339 
0.000902 to 55*C Specific heat at 25*C 0.564 cal/gm/*C 

Color, APHA 5 max. Surface tension at 22*C 30.0 dynes/cm 
Constant -boiling mixture, b.p. 99.1*C Unsaturates, as ethyl hexanol 0.2% max. 

DEN Vapor pressure at 20*C 0.05 mm 
кіз hazard Slight Viscosity at 20*C 9.8 cps. 
Flash point, Open cup 185*F Weight per gallon at 20*C 6.94 1bs 
Freezing point -70°C sets to glass 

below 
n-OCTYL ALCOHOL 
n-Octanol, Octanol -1 СН3(СН2)6СН2ОН 


Table 6.110: Physical Properties of n-Octyli Alcohol (31) 


Acid number 0.2 max. Molecular weight 130.22 

Boiling point at 760 mm 195*C (383*F) Refractive index at Z0*C, np 1.42920 

Boiling range at 760 mm 194 - 197°C Solubility in water at 25°C 0.059 g per 100 
Color, dichromate 0.002 max. g Water 

Ester number роз аа Specific gravity at 20/4°C 0.827 

Fire hazard Slight Viscosity at 20°C 8.925 centipoise 
Flash point (Open cup} 195*F Water 0.25% max. 
Freezing point -15°C (5°F) 

Heat of combustion 9690 cal/g 

Hydroxyl number 415 - 440 


Iodine number 1.3 max. 
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Table 6.111: Azeotropes of n-Octyl Alcohol (37) 


OCTYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


% 


80 
88 
85 
70 
80 
92 
20 
90 
93 


sec-OCTYL ALCOHOL 


B.P. of Azeotrope °C 


Table 6.112: Physical Properties of sec-Octyl Alcohol (31) 


Boiling range 


first 5*4 
90% 


Density, lbs per gallon 


Fire hazard 


Flash point 


Hydroxyl number 


Melting point 


Methyl hexyl ketone 


content 


Molecular weight 


Refractive index at 20°C 


Specific gravity at 20°C 


N, N-Dimethyl-o-toluidine 184.8 

Indene 182.4 

Isoamyl isovalerate 192.6 

Isobornyl methyl ether 191,9 

Isobutyl carbonate 189.5 

d-Limonene 177,5 

Phorone 193.5 

у-Тегріпепе 182.5 

Thymene 179.6 

85% Grade 95% Grade 
173 - 178°C 
174 - 181,5*C 178 - 182.5*C 
6.8 6.8 
Moderate Slight 
164°F 185°F 
376 - 388 408 - 414 
-38*C 

10 - 15% Less than 5% 
130.23 130.23 
1,4244 - 1,4252 1,4258 - 1.4262 
0.814 - 0.820 0.818 at 25°C 
1.0 - 1.2% 0.3 - 0.5% 


Water content 


Table 6.113: Azeotropes of sec-Octyl Alcohol (31) 


sec-OCTYL ALCOHOL FORMS BINARY AZEOTROPES WITH: 


* 


14 
50 
89 
73.5 
56 
40 
28 
83 
55 
73 
43 
48 


B.P. of Azeotrope °C 


Amy] ether 179.8 
Butylbenzene 178.2 
Butyl isovalerate 177.4 
Cineole | 175.9 
Cymene 174.0 
Indene 176.0 
ізоату! butyrate 180.3 
Isoamyl ether 172.7 
d-Limonene 174.5 
a-Terpinene 171.8 
Terpinolene 179.0 
Thymene 176.0 


ISOOCTYL ALCOHOL 


Table 6.114: Physical Properties of Isoocty! Alcohol (37) 


Acidity as acetic acid 
Carbonyl number 


Cosfficient of expansion 
per *C 


Color (Hazen, Pt-Co) 

Fire hazard 

Flash point (Tag open cup) 
Pour point 

Purity 

Refractive index at 20°C, np 


Solubility in water at 25°C 
at 50°C 
Solubility of water in, at 5°C 
20°С 
40°С 


Specific gravity at 20/20"С 
60/60°F 


Specific heat, 50 - 150°C 


NONYL ALCOHOL 


0.001% by wt 
0.10 mg KOH/g 


0.000814 

5 

Slight 
180°F 
-95°F 
99.5% by wt 
1.4308 


0.06 g/100g 
0.08 g/100g 


0.79 cal/g/*C 


Table 6.115: Physical Properties of Nonyl Alcohol (31) 


Aldehyde content 
Boiling point at 760 mm 
Color, Saybolt 


Distillation (ASTM), initial 
5% 
50% 
95% 


max. 
Fire hazard 
Flash point {Open cup) 
Freezing point 


Heat of vaporization (Lv), 
100*F 
300*F 
400*F 


Mixed aniline point 
Neutralization number 
Refractive index at 20*C, np 
Solubility in water at 20*C 
Solubility of water in, at 20*C 
Specific gravity at 20/20°C 
Vapor pressure at 20°C 


Viscosity а 0“С 
at 20°C 


Weight per gallon at 20°C 


Surface tension at 20°C 
Vapor pressure, °C ЗЕ 


Viscosity, °С 


Water 


Weight per gallon at 60°F 
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29.5 dynes/cm 


mm 
50 122 1.95 
75 167 8.4 
100 212 30 
125 257 94 
150 302 250 
175 347 600 
180 356 700 
“Е Centistokes 
37.8 100 6.4 
20.0 68 12.7 
-9.4 15 51.3 
-17.8 0 84.4 
-31.7 -25 224.2 
0.02% by wt 


6.95 Ibs, approx. 


0.30% by wt - 
173.3*C 
30 


193*C 

196*C 

198°C 

201°C 

206°C 
Moderate 
80°C (176°F) 


-65°C 


22,000 Btu/lb mole 
19, 000 Btu/1b mole 
17, 400 Btu/1b mole 


-15*C 

0.02 mg KOH/g 
1.4390 

0.06% by wt 
0.99% by wt 
0.8121 

0.3 mm 


56.0 cps. 
14.3 cps. 


6.75 lbs 
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3,5,5-TRIMETHYLHEXYL ALCOHOL 


Table 6.116: Physical Properties of 3,5,5-Trimethylhexyl Alcohol (31) 


DECYL ALCOHOL 


Boiling point at 10 mm 


760 mm 


Boiling range at 760 mm, 


first drop 
90% 
dry 


Color (APHA) 


83°C (181°F) 
194°C (381°F) 


190°C 
194 41°C 
195,5"С 


25 max. 


Flash point (Open cup) 

Freezing point 

Molecular weight 

Purity (by hydroxyl number) 

Refractive index at 25°C, np 
. Specific gravity at 25/4°C 

Viscosity at 25°C 

Water content 

Weight per gallon at 25°C 


200°F 


. Below -70°C 


144.25 


97.5% min. 


1.4300 
0.8236 


11.06 centipoises 


0.15% max. 


6.86 lbs 


Table 6.117: Physical Properties of Decyl Alcohol (37) 


Acidity 

Acid number 
Aldehydes, as decanal 
Boiling point at 760mm 


Boiling range at 760mm 


Coefficient of expansion 
at 55°C 


Color, Hazen Pt-Co 


Ester, as decyl formate 
Ester number 

Fire hazard 

Flash point (Open cup) 
Freezing point 


Heat of combustion 
Hydroxyl number 
Iodine number 
Molecular weight 
Pour point 

Purity 


Refractive index at 
20°C, np 


/ 


і 


Oxo Process 


0.0015% by wt. 


Fatty acid Process 


0.2 max. 
0.20%, max. 
217.3°C 231°C (448°F) 
219-221.5“С 90% between 

229-233°C 
0.00086 
5 0.003 max., 
Dichromate 

Less than 0.1% 

1.3 max. 
Slight Slight. 
225°F 220°F 
Sets to a glass 6.9*C (44°F) 

below -60°C 

9963 cal/g 

345-365 

0.5 max. 
158.28 158.28 
-95°F 
99.7%-99.9% by wt. 
1.4388-1.4390 1.43682 


Solubility in water at 20°C 


Solubility of water in at 
20°C 


Specific gravity at 20/20°C 
Sulfur 
Suspended matter 


Vapor pressure, “С "Е 


75 167 

100 212 

125 257 

150 302 

175. 347 

200 392 
Viscosity, "С °F 
99 210. 
20 68 
- 9.4 15 
-17.8 0 
-31.7 -25 
-40.0 -40 
-53.9 -65 


Water content 


Weight per gallon at 20°C 
60°F 


Oxo Process 


Fatty Acid Process 


Less than 0.01% 
by wt. 


2.3% by wt. 
0.837-0.840 


4 ppm, max. 


0.829 at 20/4°C 


Substantially free 


225 
500 


Centistokes 


1.76 

21 13.83 centipoises 
115 

209 

701 

1649 

8826 


0.03-0.07% by wt. 


7.03 lbs. 
6.96 lbs. approx, 


0.25% 


ISODECYL ALCOHOL 


Table 6.118: Physical Properties of Isodecyl Alcohol (31) 


TRIDECYL ALCOHOL 


Acidity as acetic acid 
Aldehydes, as decanal 
Boiling point at 760 mm 


Boiling range at 760 mm, Ibp 
Dp 


Coefficient of expansion at 55°C 
Color, (Pt-Co scale) 

Fire hazard 

Flash point (Open cup) 
Freezing point 

Molecular weight 

Odor 

Purity, as decanol 
Refractive index at 20°C, пг, 
Solubility in water at 20°C 
Solubility of water in at 20°C 
Specific gravity at 20/20 
Sulfuric acid test (Pt-Co scale) 
Suspended matter 

Vapor pressure at 20°C 
Viscosity at 20°C 

Water content 


Weight per gallon at 20°C 


0.002% by wt., max. 
0.05% by wt., max. 
220.1°C 


215°C, min. 
225°C, max. 


0.06083 
10, тах. 
Slight 
220°F 


Sets to a glass below -60°C 


158.29 


Characteristic, non-petroleum 


98.5% by wt., min. 
1.4408 

Less than 0.01% by ме. 
2.4% by wt. 

0,8423 

50, max. 
Substantially free 
Less than 0,01 mm 
18.9 cps. 

0.10% by wt., max. 
7.01 lbs. 


Table 6.119: Physical Properties of Tridecyl Alcohol (31) 


Acidity as acetic acid 


Carbonyl number 
Color, Hazen, Pt-Co 


Distillation: 


Fire hazard 


Flash point {Tag open cup) 


initia] 
dry point 


Hydroxy] number 


Odor 


Pour point 


Purity 


Refractive index at 20°C, пр 


Specific gravity at 20°C 


Sulfur 


Vapor pressure, ме: 


90 
100 
125 
150 
175 
200 
225 
250 


"Е 
194 
212 
257 
311 
347 
401 
437 
491 


0.002% by wt 
0.7 mg KOH/g 
5 

252°C 

269°C 

Slight 

180°F 

278 mg KOH/g 


Characteristic, 
non-petroleum 


-95°F 
99.6% by wt 
1.4475 
0.8454 
2 ррт 


mm 
1.3 
2.2 
7,8 

24 
64 

155 

340 

685 


Viscosity, "С 
99 
20 

- 9,4 

-17.8 

-31.7 

-40.0 

-53.9 


Water 
Weight per gallon at 60°F 


°F 
210 


68 
15 


-25 
- 40 
-65 
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Centipoises 


2.61 
47.5 
382.2 
808.3 
3,692 
11,081 
95,433 


0.10% by wt. 
7.0 1а. 
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OTHER ALCOHOLS AND ALCOHOL BLENDS 


Table 6.120: ALFOL Alcohol Low Range Blends C,—C,, (40) 














Typical Properties 600 фФЮАЕС GIOADE 810 810 AL = 810 EE 
Total alcohol, Wi. % 99.8 99.8 99.6 99.8 99.7 99.6 
Molecular weight 

distribution (100%: 

alcohol basis) 

C4 

C6 4.8 4.8 9.0 0.6 0.1 0.6 

C8 432 54.4 42.7 45.7 10.5 49.4 

Си) 51,3 40.1 47.8 53.2 89.1 49.5 

С12 0.7 0.7 0.5 0.5 0.3 0.5 

СІ4 ігасе - - - (гасе - 
Average alcohol MW 140 135 138 145 153 141 
Color, APHA 0 0 0 0 0 0 
Water, Wt. % 0.03 0.03 0.02 0.02 0.02 0.03 
lodine number 0.05 0.05 0.05 0.02 0.02 0.02 
Hydroxyl number 401 415 407 387 367 397 
Carbonyl, as ppm C=0) 30 30 30 30 3 30 
Acidity, as acetic acid, % 0.002 0.002 0.002 0.003 0.003 0.003 
Acid Heat Color, APHA 10 - 10 -= - - 
Specific gravity 0.824 0.830 0.829 0.831 0.831 0.831 

at ° F/° F 71/77 60/60 60/60 60/60 60/60 60/60 
Flash point, (PM) ° F 175 175 167 188 203 200 
Melting range, ° F 1-5 1-5 1-5 3-7 3-7 3-7 
Boiling range, ° F 351-459 350-460 350-460 401—459 400-460 400-460 
Saponification number 0.19 0.27 0.19 0.4 - - 
Viscosity, cSt 70° F || || п 134 16.3 13.5 

100° Е 6.4 6.6 ta 7.4 8.7 7.2 
Coefficient of thermal 

expansion Ib/gal/? F 0.00334 0.00334 0.00334 0.00325 0.00334 0.00317 


M a i ее а 


Table 6.121: ALFOL Alcohol Pure Homologs C,—C,, (40) 





——M— HP 


Typical Propertics 6 8 10 
Total alcohol, Wt.% 99.4 99.9 99.8 
Molecular weight distribution 

(10096 alcohol basis) 

C6 99.4 trace - 

C8 0.6 99.9 0.5 

C10 (гасе 0.1 993 

C12 trace - 0.2 

С14 - - - 

С16 - - - 

C18 - - - 

С20 - - ~ 
Average Molecular Weight 102 130 158 
Color, APHA 0 0 0 
Water, Wt.% 0.04 0.03 0.02 
lodine number 0.05 0.03 0.05 
Hydroxy! number 545 430 351 
Carbonyl, as ppm C=O 28 12 7 
Acidity, as acetic acid, % 0.001 0.001 0.001 
Specific gravity, 0.8232 0.8293 0.8335 

at ° F/° F 60/60 60/60 60/60 
Flash point, (PM) ° F 130 180 235 
Melting range, ° F -49 1-3 43-45 
Boiling range, ° F 313-316 381-385 448-453 
Saponification number <0.04 <0.04 <0.04 
Viscosity, cSt 70° F 5.5 10.5 14.5 

100° F 3.5 6 9 
Coefficient of thermal 
expansion Ib/gal/F 0.00376 0.00351 0.00334 


(continued) 
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Table 6.121: (continued) 
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Typical Properties 12 T 16 16МГ 18 и 
Total alcohol, W1.% 99.8 99.8 99.8 99.8 99.6 99.6 
Molecular weight distribution 

(100% alcohol basis) 
Се - - - - - - 
C8 - - - - - 
СТО 0.1 (гасе - - - - 
СТ 99.6 0.4 (race (гасе - - 
С14 0.3 99.4 0.3 0.3 0.1 0.1 
C16 = 0.3 98.7 98.7 0.3 03 
С18 - - 0.7 0.7 98.4 98.4 
С20 - - - - 0.9 0.9 
Average Molecular Weight 187 214 242 242 21] 21] 
Color, APHA 5 5 5 5 5 5 
Water, WL% 0.01 0.02 0.02 0.02 0.02 0.02 
lodine number 0.05 0.03 0.18 0.18 0.33 0.33 
Hydroxy! number 299 258 227 227 207 207 
Carbonyl, as ppm C=0 8 29 64 64 241 241. 
Acidity, as acelic acid, % 0.005 0.003 0.011 0.011 0.008 0.008 
Specific gravily, 0.83 0.815 0.813 0.813 0.811 0.811 
al° F/° F 60/60 120/120 125/125 125/125 140/140 140/140 
Flash point, (PM) ° F 265 290 300 300 355 355 
Melting range, ° F 73-76 98-102 118-121 113-122 132-136 131-140 
Boiling range, ° F 490-498 567-573 626-631 626-631 662-670 662-670 
Saponification number 0.04 0.07 0.06 0.06 0.1 0.1 
Viscosity, cSt 70° F 80F/19 - - - - - 
100° F 12.3 15 120F/18 120F/18 160F/13.5 160F/13.5 
Coefficient of thermal 
expansion Ib/gal/F ВА 0.00325 0.00317 0.00317 0.00317 0.00309 0.00309 
Table 6.122: ALFOL Alcohol High Range Blends C,,—C.,,, (40) 
Typical Properties 1012 НА 1014 СОС 1214 1214 СС 1216 1216 СО 
Total Alcohol, Wt. € 99.8 99 99.5 99 99 99.7 
Homolog Distribution, Wi. % 
C8 0.6 - 0.1 trace - 0.1 
C10 87.5 31 0.6 0.8 03 0.4 
ст 6.8 36.6 56.5 68.2 64.3 672 
С14 5 312 422 30.3 24 25.3 
СІ6 0.1 - 0.6 0.7 11.4 6.8 
C18 - ~ - - trace 02 
C20 - - - - - - 
C22 - - - - - - 
см а ~ E 2 ~ а 
C26 > S - : = Е 
С28 Е E = = = - 
C30 - - - - - - 
Avg. Molecular Weight 164 186 198 195 203 198 
Color, APHA 0 0 0 0 5 5 
Water, Wt. ЧЕ 0.02 0.05 0.08 0.06 0.05 0.04 
lodine number 0.04 0.07 0.05 0.05 0.1 0.08 
Hydroxyl number 343 302 284 287 . 276 284 
Carbonyl, ppm C=0 31 123 45 21 40 47 
Specific Gravity 0.834 0.836 0.838 0.838 0.84 0.84 
УБРЕ 72/72 72/72 72/72 72/72 72/72 72/72 
Flash Point (PM) ° F 237 250 265 265 265 265 
Melting Range, ° F 35-40 41-45 70-75 70-75 63-70 63-70 
Botling Range, ° F 425-525 450-545 518-575 518-575 514-592 529-590 
Viscosity, cSt 10.4 12.5 14.3 143 14.5 14.5 
Temperature, ° F 100 100 100 100 100 100 
Coefficient of Thermal 
Expansion, Ib/gal/F 0.0032] 0.003 0.00316 0.00316 0.00316 0.00316 
Saponification number 0.1 0.1 0.1 0.18 0.5 0.18 
Appearance clear color- clear color- clear color- clear color- clear color- — clear color- 
less liquid less liquid less liquid less liquid less liquid less liquid 
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Table 6.122: (continued) 





Typical Properties 1218DCBA — 1412 1416 СС 1418 DDB 1418 GBA 1618 1618 CG 1618 СС 204 
Total Alcohol, Wt. 4 996 997 998 | 99.9 99.8 99.6 99.6 98.5 88.5 
Homolog Distribution, Wt. % 
C8 trace trace - - - - - - - 
со 0.5 0.5 0.1 - trace - - - - 
C12 38.3 37. 6.3 0.7 0.6 trace trace - - 
СТА 30 60.6 63.4 39.5 66.4 13 0.6 0.6 - 
СІ6 198 12 29.8 38.7 25.6 61 31.9 66.2 trace 
СІЗ 10.8 - 0.4 19.6 7 35Л 66.1 314 12 
C20 0.6 - - 1.5/5C20 04 2 14 1.6/5C20 543 
C22 - - - - - - - - 25.8 
C24 - - - > - - з - И, 
C26 - = - = - = = з 46 
С28 = = = 2 > 2 & а 2.1 
C30 = 2 $ 2 = = = z | 
Avg. Molecular Weight 214 205 222 243 227 256 266 263 43! 
Color, APHA 5 5 10 10 5 5 5 5 848 
Water, Wt. % 0.06 0.06 0.03 0.03 0.05 0.04 0.03 0.04 0.03 
lodine number 0.11 0.1 <0.4 0.6 <0.7 0.15 0.15 0.8 8.7 
Hydroxy! number 262 274 253 231 247 219 211 213 157 
Carbonyl, ppm C=0 48 48 110 - т 180 155 150 1930 
Specific Gravity 0.84 0.839 0.822 0.819 0.835 0.840 0.820 0.820 0.817 
° F/° F 7272 72/72 100/100 110/110 100/100 60/60 120/120 140/140 140/140 
Flash Point (PM) ° F 275 270 305 290 305 325 340 325 390 
Melting Range, ° F 68-73 72-75 95-99 97-102 97-102 110-120 110-120 110-120 113-129 
Boiling Range, ? F 525-660 525-585 582-638 598—659 598-660 628-662 630-670 630-670 >650 
Viscosity, cSt 15.0 14.4 11.5 14.6 - 15.0 13.7 - 53 
Temperature, ° Е 100 100 100 110 - 122 140 - 210 
Coefficient of Thermal 
Expansion, tb/gal/F 0.00313 0.00314 0.0028 0.0028 0.0028 0.00303 0.00310 0.003 0.00313 
Saponification number 0.18 <l <! 0.5 «10 007 0.07 0.5 5.7 
Appearance clear color- white solid white solid white sotid white solid white solid white solid white solid off-white 
less liquid solid 
Table 6.123: ALFOL Typical Properties (40) 
Typical Properties ALFOL® 6 ALFOL® 8 ALFOL®10 ALFOL®610 ALFOL®810 ISOFOL6 12 
Total Atcohol, wt % 99.4 99.0 99.8 99.6 99.8 тіп. 95 
Molecular Weight Distribution 
(100% alcoho} basis) 
C4 
C6 99.4 trace - 0.6 
C8 0.6 99.9 0.5 42.7 45.7 
C10 trace 0.1 99.3 47.8 53.2 
C12 trace - 0.2 0.5 0.5 
2-Butyloctanol min. 95 
Average Molecule weight 102 130 158 138 145 186 approx. 
Color, ALPHA 0 0 0 0 0 20 max 
Water, wt% 0.04 0.03 0.02 0.02 0.02 0.1 max 
lodine Number 0.05 0.03 0.05 0.05 0.02 1.0 max 
Hydroxy! Number 545 430 351 407 387 286-305 
Carbonyl, as C=O ppm 28 12 7 30 30 150 
Specific gravity 0.8232 0.8293 0.8335 0.829 0.831 
at F/°F 60/60 60/60 60/60 60/60 60/60 
Flash point, (PM)° F 130 180 235 167 188 248 (150 2592) 
Melting Range, °F -49 3-Jan 43-45 1-5 3-7 «22 
Boiling Range, "F 313-316 381-385 448-453 350-460 401-460 201-300 
Saponification Number «0.04 «0.04 «0.04 0.19 0.4 1.0 max. 
Viscosity, cSt at 70° F 5.5 10.5 14.5 11 13.4 
at 100°F 3.5 6 9 7.7 7.4 
Coefficient of thermal 
expansion Ib/gai/°F 0.00376 0.00351 0.00334 0.00334 0.00325 
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Table 6.124: Ashland Alcohols (69) 
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LB./GAL. SP. GR. BOILING RANGE — FL PT. EVAP. 
PRODUCT 20“.С 20“120“ С "С "E “Е TCC RATE! 
Methanol 660 . 0.791 | 64-65 147-149 54 ‚ 2.1 
Ethanol, Anhydrous 6.58 0.790 74-80 165-176 53 1.7 
Ethanol, 95% 6.76 0.811 75-80 167-176 55 “AT 
15оргорапо! 91% 6.81 0.816 80-81 176-178 63 1.3 
isopropanol, Anhydrous 6.55 0.786 82-83 180-182 53 1.6 
. n-Propanol 6.71 0.806 96-98 205-208 74 1.8 
2-Butanol 6.72 0.808 98-101 208-214 72 1.2 
Isobutanol 6.68 0.803 107-109 225-228 86 0.6 
n-Butanol 6.75 0.811 116-119 241-246 97 0.42 
Amyl Alcohol (primary) 6.79 0.815 127-139 261-282 113 0.27 
Methyl Amyl Alcohol 6.72 0.808 130-133 266-271 103 0.27 
: Сусіопехалої 7.91 0.9464 160-163 320-325 1403 0.05 
· 2-Ећућехапо! 6.94 0.834 182-186 360-367 164 < 0.01 
| 1mButy! Acetate = 1 3COC 4At 30°C 
Table 6.125: Chemcentral Alcohols (67) 
oe 160 mm H 
ALCOHOLS Espan. p IL іа» 
id ету 
AMYL ALCOHOL (Mixed Isomers) 0.00093 ЕГІ 137 _| 261279 
iso BUTYi ALCOHOL 0.00099 106-109 223-229 
no BUTYL ALCOHOL 0 00093 ANT. 118 | 243 245 
көс BUTYL ALCOHOL 0.00091 | 208 214 
„СУССОНЕХАМОС | 0.00077 f 
ETHANOL, ANHYDROUS PROPRIETARY 000120 00076 165-176 
ETHANOL, 95% PROPRIETARY 0.00118 00076 465-176 
FURFURAL ALCOHOL _ | | 338.8P 
‘METHYL ALCOHOL (Methanol). 0.00120 00080 1147.149 
_ METHYL AMYL АССОНОС (МІВС) _ 9.00103 | .00064 
_iso- PROPYL ALCOHOL, ANHYOROUS | 0 00111 00068 
ізо PROPYL “ALCOHOL, 91% _ 0.00111 00072 178-477 
n- PROPYL ALCOHOL ^^ 000095 į 00058 _ 204-208 
TETRAHYDROFURFURAL . ALCOHOL 0.00074 00015 | 
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“Trade Mark Eastman Chemical Products Inc. 


TEXANOL* 





а а, 


0.89 


007 
.s0001 — 


@ 15.6°С 


45 (x) 
20 ск 
1 Р лм 
ow 
ска 
жа 
Сва | 95 


*Open Cup 








| чен | -127 


*& 100*C 


Latani | 
Latent” 
Latent 


“Latent | 


" Latent 


нет 


сем |O 





252-263 












254299 








Table 6.126: CPS Chemical Alcohol 99% (75) 





TYPICAL PROPERTIES 





CAS PURITY COLOR 
TRADE NAME CHEMICAL NAME NUMBER WT. % APHA 
ALCOHOLS | | 
Isoamyi Alcohol 9996 (Natura) ^ ^ Same 22 123-51-3 99.0 - 20 
'збатм Асопо! 959 ‘Natural Same 123-51-3 95.0 50 




















MOISTURE MOLECULAR SPECIFIC 
KF, WT. % WEIGHT GRAVITY 20/20 °C 
02 . 8 X 084 0 
0.5 88 0.811 


sempre а O — —— —Á— 


Kosher available upon request 


1071 
2013 
1011 
1082 
1097 
1096-В 
1096-А 


1017 


CPS SALES SPECIFICATIONS 


ISOAMYL ALCOHOL 95% 


TEST 

PURITY, WT%, GC 

MOISTURE, KF, WT% 

COLOR, APHA 

ACIDITY AS ACETIC ACID, WT% 
SPECIFIC GRAVITY @20/20C 
DISTILLATION RANGE, IBP, C 
DISTILLATION RANGE, DP, C 


APPEARANCE-CLEAR LIQUID/FFSM 


SPECIFICATION 
95.0 min. 
0.50 max. 

50 max. 

0.01 max. 
0.810 - 0.813 


126.0 - 500 


132.0 max. 


narmin -+ e m o» o 


9с< 
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Table 6.127: Eastman Latent Solvents (47) 


LATENT SOLVENTS 


METHY! ALCOHOL 
TECSOL INDUS. AND PROPRIETARY SOLVENTS? 
ISOPROPYL ALCOHOL. 99*. 
n-PHOP Yl. ALCOHOL 
SECONDARY BUTYL ALCOHOL 
ISOBUTYL ALCOHOL 
n-BUT YL ALCOHOL 
ME Tivi Ни CAR ONG 
AMYL ALCOHOL (MIXED PRIMARY ISOMERS) 
CYCLOHEXANOL 

2-ETHYLHEXANOL 
































LATENT SOLVENTS 


ME THY! ALCOHOL 
TECSOL INDUS. AND PROPRIETARY SOLVENTS" 
ISOPROPYU ALCOHOL , 99*.. 
n PROPYt ALCOHOL 
SECONDARY BUTYL ALCOHOL 
ISOBUTYL ALCOHOL 
a-BUTYL ALCOHOL 
мі THYE ISOBUTYL CARBINUL 
AMYL ALCOHOL (MIXED PRIMARY ISOMERS) 
CYCLOHEXANOL 
2-ETHYLHEXANOL 






























Viscosity, cP 
8% Я5 #-в NC 
@25°C 


Viscosity, cP 
6% CAB-381-05 















Neat Viscosity 


Evaporation Rate 















СНаОН 


С2Н5ОН 
(CH3)27CHOH 






12-15| 2 
240 | ?t 


































C3H 70H 200: 25 
CH3CH2CHOHCH; 2.90 
20.2 | CH3CH(CH3)CH20H 4.00 
аб 242 | C4aHqQH 3.00 ; 












DA 


села сносна 
С5Н ОН 
CH2{CH2)4CHOH 
CahgCh(C2Hs)CH20H 





4.30 20 
52.70 
7.70 3 


40.3 
242.0 
1,210.2 





03 
0.05 
0.01 















































Solubitity @ 20°C Autoignition Refractive Etecirical 
Wt % Temperature, index Resistance,® 
In Waler Water In *C Megohms 


Hydrogen 
Bonding 


Dilution Ratio? Blush Flash 
УМЕР Resistance Point Freezing 
Naphtha | 9; RH @ 80°F | TCC, °F | Point, °F 


50 х8 
50 -173 


52, 127 
85 -162 
97 -129 
- -130 


164 - 94 
















1.3286 
1.3614 
omete opele чи 13776 
1.3850 
1.3972 
1.3955 


( 3945 


Сотрјеје Complete 





Complete? | Complete? 








80.8-83 5 
96-98 
98-101 
106-109 
119: 119 





Complete 
20.6 
9.5 

















1.4014 
1.4656 
1.4316 





127-13° 
160-162 
182- 1b; 














Tecsol 
Special industrial Solvents* 


px [ow [ee сто 
SDA-3A 100 100 
SDA-t 
Ethyl alcohol 


MIBK 


Isopropyl alcohol 
Methy! alcohol 
Ethyl acetate 
Неріале | 
Base lor speciai industrial alcohol and proprietary ајсоћо! 
SDA-3A—100 gallons ethyl alcohol with 5 gallons synthetic maethano! 
SDA-1--100 gallons ethyl alcohol with 4 gallons synthetic methanol and 1 gallon MIBK 
3 Ayaiable as 95?5 (190 proof) or anhydrous (200 pruali; m galloris 


























(continued) 
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Table 6.127: (continued) 


Denatured Alcohol Nomenclature (41) 













Eastman Union Carbide Quantum Grain Processing 








Tecsol, 9596 | Synasol PM 41 Solox-1 GPC 190 Gov't Form | (1-1) 
Tecso! 1, Anhydrous супазо! РМ 100 Solox-1, Anhydrous Anhydrous GPC Gov't Form | (1-1) 











Tecsol 3, 95% Synasol PM 3224 Solox GPC 190 Gov't Form Ili (1-1) 
Tecsol 3, Anhydrous Synasol PM 509 Solox, Anhydrous Anhydrous GPC Gov't Form Ill (1-1) 





















Tecsol A, 9595 Апћудто! РМ 4081 
Tecsol A, Anhydrous Аппуато! РМ 4082 


Filmex А-1 GPC 190 Govit Form А (ЗА) 
Filmex A-1, Anhydrous | Anhydrous GPC Gov't Form A (3A) 
















Tecsol A-2, 95% Апћуато! РМ 4079 
Tecsol A-2, Anhydrous Апћуаго! РМ 4083 


Filmex A-2 GPC 190 Gov't Form A2 (ЗА) 
Ейтех A-2, Anhydrous Anhydrous GPC Govt Form A2 (3A) 


















Tecsol B, 95% Апруаго! РМ 4157 Filmex B GPC 190 Govt Еогт В (ЗА! 
Tecsol B, Anhydrous Апрудго! РМ 4135 Filmex B, Anhydrous Anhydrous GPC Gov't Form B (3A) 














Tecsol C, 95% Anhydrol PM 4085 Filmex C GPC 190 Gov't Form C (ЗА) 


Tecsoi C, Anhydrous Anhydrol PM 4084 Filmex C, Anhydrous Anhydrous GPC Gov’t Form C (3A) 















Tecsol D, 95% Anhydroi PM 4080 Filmex D-1 GPC 190 Gov't Form D (ЗА) 
Tecsol D, Anhydrous Anhydrol PM 4176 Filmex D-1, Anhydrous | Anhydrous GPC Gov't Form D (3A) 




















Tecsol D-2, 9596 
Tecsol D-2, Anhydrous 


Апһуағгоі PM 4078 Filmex D-2 GPC 190 Gov't Form D2 (3A) 
Anhydro! PM 4217 Filmex 0-2, Anhydrous | Anhydrous GPC Gov't Form D2 (3A) 








Table 6.128: Hoechst Celanese Aicohols (42) 


Methanol 


Physical Properties 


Autoignition Temperature, "C 
Boiling Point at 760 mm Hg, °C 
Boiling Point at 760 mm Hg, °F 
Coefficient of Thermal 
Expansion per °C 20°C 
‘Critical Pressure, atmospheres 
Critical Temperature, °C 
Dielectric Constant, 25°C 


Electrical Conductivity at 25°C, mhos/cm 


Evaporation Rate (BuAc = 1) 
Flammable Limits in Air 
(lower limit, vol %) 
(upper limit, vol 95) 
Flash Point, 
Tag Open Cup, “F 
Tag Closed Cup. °F 
Freezing Point, "C 
Heat of Combustion, 
gas, 25°C, cai/gm 
Heat of Combustion 
liquid, 25°C, cal/gm 
Heat of Vaporization, cal/gm 
{at nommat boiling point) 
Molecular Weight 
Refractive index, n?° 
Reid Vapor Pressure, 
pounds per square inch 
Solubility at 20°C, wt. %, in water 
water in 
Solubility in aicohol, ether or water 
Specific Gravity, 20/20?C 
Specific Heat of Liquid, 
cal/gm/°C at 20°C 
calgm/°C at 0°C 
Surface Tension in Air at 20°C, 
dynes/cm 
Vapor Density (air = 1) 
Vapor Pressure, 20°C, mm Hg 
Viscosity at 20°C, centipoise 


386 
64.65 
148.4 


1.19 х 133 
78.7 
240.0 
32.63 
1.5 х 109 
2.0 


5.5 
36.0 


60 
54 
-97.8 


5683 
5420 


262.8 
32.04 
1.3285 


2.2 
Complete 
Complete 
Complete 

0.7925 


0.599 
0.566 


22.55 
1.11 

96.0 
0.614 


Weight, pounds per galion at 20°C (68°F) 6.59 


n-Butanol 


(Normal Butyl Alcohol, 1-Butanol, 
Butyric Alcohol, Propyl Carbinol, 


1-Hydroxybutane) 


Physical Properties 
Autoignition Temperature, °C 
Boiling Point at 760 mm Hg, °C 
Boiling Point at 760 mm Hg, °F 


Coefficient of Thermal Expansion 
per °C (20°C-40°C) 


Critical Pressure, atmospheres 
Critical Temperature, °C 
Dielectric Constant, at 25°C 
Evaporation Rate (BuAc = 1) 


Flammablie Limits 
(lower limit, vol 96) 
(upper limti, vol %) 


FlashPoint 
Tag Open Cup, ^F 
Tag Closed Cup, °F 


Freezing Point, °C 
Heat of Combustion, cal/gm 


Heat of Formation, kcal/mole 
(liquid, 25°C) 


Heat of Fusion, cal/gm 


Heat of Vaporization, cal/gm at 
normal boiling point 


Molecular Weight 
Refractive Index n7 


Solubility at 20°C, wt % in water 
water in 


Specitic Gravity, 20/20°C 


Specific Heat of Liquid, ca¥gm°C 
at 20°C 


Surface Tension in Air at 20°C 
dynes/cm 


Vapor Density (air = 1) 
Vapor Pressure, 20°C, mm Hg 
Viscosity at 20°C, centipoise 


Weight, pounds per gallon 
at 20°C (68°F) 


367 
1177 
2439 


0.93 x 103 
43.6 
287 
16.1 
0.45 


1.4 
11.2 


97 
84 


--89.9 
8610 


—79.61 
29.9 


141.3 
74.12 
1.3992 
7.8 
20.1 
0.8109 


0.563 


24.6 
2.57 
4.4 
2.9 


6.75 


Isobutanol 


(Isobutyl Alcohol, Isopropylcarbinol, 


2-Methyl-1-Propanol) 


_ Physical Properties 


Autoignition Temperature, °C 


Boiling Point, 760 mm Hg, °C 
760 mm Hg, °F 


Coefficient Thermal Expansion 
per °C at 20°C, (10°-30°C) 

Critical Pressure, atmospheres 

Critical Temperature, °C 


Electrical Conductivity, 
mhos/cm, 25°C 


Evaporation Rate (n-BuAc = 1.0) 


Flammable Limits (lower limit, vol %) 
in Air @ 212°F (upper limit, vol %) 


Flash Point, Tag Open Cup, °F 
Tag Closed Cup, °F 


Freezing Point, °C 

Heat of Combustion, cal/g 

Heat of Vaporization, cal/g at 
normal boiling poirit 

Molecular Weight 

Refractive Index, п? 


Solubility, 20°C, wi % in water 
water in 


Specific Gravity, 20/20°C 


Specific Heat of Liquid, 
саўдпу°С at 20°C 


Surface Tension at 20°C, dynes/cm 
Vapor Density (air = 1.0) 

Vapor Pressure at 20°C, mm Hg 
Viscosity, 20°C, centipoise 

Weight, pounds per gallon at 20°C 


440 


108.0 
226.4 


0.95 x 103 
42.4 
227 


8x 103 
0.82 


1.2 
10.9 


3.95 
6.68 


n-Propanol 


(Propy!ic Alcohol, Ethylcarbinol, 


Normal Propyl Alcohol) 


Physical Properties 


Autoignition Temperature, ?C 
Boiling Point at 760 mm Hg, °C 
Boiling Point at 760 mm Hg, °F 
Coefficient of Thermal 
Expansion per °C (0-94°C) 
Critical Pressure, atmospheres 
Critical Temperature, °C 
Distillation Range, °C 
Electrical Conductivity, 
mho/cm at 25°C 
Evaporation Rate (BuAc - 1) 
Flammable Limits 
(lower limit, vol %) 
(upper limit, vol %) 
Flash Point, Tag Open Cup, °F 
Tag Closed Cup, °F 
Freezing Poin, °C 
Heat of Combustion, cal/grn 
Heat of Formation, kcal/mole 
(vapor, 25°C) 
Heat of Fusion, cal/gm at -126.6°C 
Heat of Vaponzation, cal/gm at 
normal boiling point 
Molecular Weight 
Refractive Index, п20 
Solubility at 20°C, 
in alcohol, ether, water 
Specific Gravity, 20/20°C 
Specific Heat of Liquid, 
са/дпуеС а 0°C 
Surface Tension in Air at 
20°C, dynes/cm 
Vapor Density (air = 1) 
Vapor Pressure, 20°C, mm Hg 
Viscosity at 20°C, Centipoise 
Weight, pounds per gallon at 20*C 


371.1 
97.2 
207.0 


0.956 x 10? 
49.9 

263.7 
97.15 +1 


2х 10-8 
1.3 


2.2 
14.0 


84 
71 
-127.0 
8089.3 


-60.87 
86.6 


188.0 
60.10 
1.3854 


Complete 
0.8044 


0.526 


23.75 
2.07 
13 
2.2 
6.70 
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Table 6.129: Proctor and Gamble Fatty Alcohois (39) 
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Chemical Properties (0424 (01270 (0695 (0895 с0-1897 CO-1898 TA-1618 

ROI pera a a Р ИЗО NT Sa a a E 

Hydroxyl Value 280-290 285-295 220-235 200-215 200-715 200-215 208-218 
(285) (289) (228) (204) (206) (207) (21) 

Add Value 01 тох 0.10 тох 0.5 тах 0.5 тах 0.5 тах 0.5 тох 10 тох 
(0.0) (0.0) (0.19) (0.1) (01) (01) (00) 

Saponification Value 0.5 тох 0.5 max 1.0 max 2.0 mox 1.0 mox 1.0 max 2.0 mox 
(01) (0.1) {04) (0.6) (03) (0.3) (10) 

lodine Value 03 тох 0.2 mox 2.0 max 2.0 max 2.0 max 20 max 10 max 
(01) (0.04) (0.8) (0.8) (04) (0.25) . (0.3) 

Moisture (%) 0.10 max 0.10 mox 0.10 max 0.10 max 0.10 max 010 тох 0.10 mox 
(0.04) (0.04) (0.05) 10.04) (0.03) (0.02) (003) 

Add Heat Stabilit 90 min 90 min 

(o. rans ice 450 nm) (97) (99) 

Physical Properties 

Color-APHA 10 тох 10 тах 25 тох 25 тох 25 тох 25 тох 75 тах 
(4) (3) (3-6) (8) (9) (10) (1) 

Melting Point, (C) 47-50 56-60 56-60 56-60 
{22) (49) (57) (58) (58) (50) 
water white woter white axy white waxy white waxy white woxy white waxy white 

Appearance mobile liquid mobile liquid sok soli solid | soli soli 





Composition (°% Бу СС) 








СВ 0.3 max 
01) 
C10 1.0 max 1.5 max 
| (0.5) (0.7) 
C12 65.0 min 68.0-74.0 
(68.0) (7.2) (0.1) 
C14 21.0-28.0 240-300 2.5 тах 1.5 тох 
(26) (27) (0.3) (0.1) (0.1) (0.6) 
С16 40-80 1.5 тах 95.0 min 2.5 max 1.5 тох 230-330 
(5.6) (0.6) (96.5) (0,8) (0.5) (0.6) (30) 
(18 0.5 max 95.0-98.0 975 min 98.0-990 65.0 min 
(00) (25) (96.6) (98.2) (98.6) (69) 
C20 02-14 20 mox 0.5 max 1.5 max 
(0.6) (0.3) (0.1) (01) 
Hydrocarbon 1.0 max 1.0 max 15 тах 1.5 тох 1.5 тох 1.5 тох 1.5 тах 
(03) (04) (07) (0.3) (0.2) (01) 1 


CAS No. 67762-41-8 8762.48 36653-82-4 112-92-5 112-92.5 2.925 67762-30-5 








Monohydric Alcohols 
Table 6.130: Shell Chem’c2! Alcohols (14) 
Typical Properties of the Alcohols 
Isopropy! Isobutyl Normal Secondary Methy! Diacetone — 2-Ethyl 
Alcohol Alcohol Butyl Buty! Isobuty! Alcohol Hexanol 
Alcohol Alcohol Carbinol 
Molecular Weight 60.096 74.124 74.124 74.124 102.178 116.162 130.231 
Specific Gravity (Apparent) 
60/60 °F 0.7893 0.8060 0.8135 0.8109 0.8107 0.9441 0.8362 
5525 ic 0.7864 0.8033 0.8109 0.8080 0.8078 0.9409 0.8338 
‚ 0.7832 0.8006 0.8082 0.8050 0.8048 0.9374 0.8312 
Wt. per U.S. Gallon (in air) 
2o С 6.574 6.712 6.775 6.753 6.751 7.863 6.964 
6.544 6.685 6.748 6.724 6.722 7.830 6.938 
ы ыш 6.510 6.654 6.718 6.691 6.689 7.792 6.909 
Boiling Point at 760 mm 
°C 82.33 107.89 117.73 99.50 131.8 169.2 184.8 
°F 180.19 226.20 243.91 211.10 269.24 336.6 364.64 
Boiling Point Change 
*C/mm at 760 mm 0.0325 0.0360 0.0370 0.0349 0.0407 0.075 0.049 
Vapor Pressure at 20 °C, mm 32.8 8.77 4.3 12.5 22 0.81 0.20 
Freezing Point at 760 mm, °C -88.43 -108 -89.3 -114.7 -90 -44 < -75 
Heat of Vaporization 
cal/g at 760 mm 159.23 139 141.5 134.41 99.87 90 93 
Heat of Fusion at Melting ?t. 
cal/g 21.37 a 22 еі да ші T 
Specific Heat (liquid) | 
cal/g °С 0.541 0.581 0.564 0.540 0.52 0.62 0.564 
Flash Point, Tag Open Cup 
°F, Approx. 60 100 110 80 131 135 185 
Flash Point, Tag Closed Cup 
°F, Approx. 53 86 98 72 103 126 166 
Autoignition Temp. 
°F, Approx. 750 800 650 761 — -- — 
Flammable Limits in Air 
9ev of Compound 
pee 12 10.9 11.2 9.0 5.5 за — 
2.0 1.7 1.4 1.7 1.0 — — 
Solubility, %wt 
in water at 20 °C complete 8.7 7.7 15.4 1.6 complete 0.07 
water in at 20 °C complete 15 20.1 65.1 6.3 complete 2.6 
Azeotrope with Water 
% ми сотроипа 87.70 67 57.5 72.7 55.6 12.7 20 
Boil Pt. at 760 mm, °C 80.16 89.8 92.7 87.5 94.3 98.8 99.1 
Viscosity, cps 
а! 15 °С 2.859 — — — — — — 
at 20 °C - 3.98 2.96 3.78 = за 8.14 
55. 24 3.4 2.6 29 3.8 29 77 
Surface Tension, 
dyne/cm at 20 °C 21.35 22.8 24.6 23.0 22.8 28.9 — 
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Table 6.131: Union Carbide Alcohols (19) 


Product 


Formula 


j 


| Моіесиіог 
Weight 


Бейюһүе 
Evaporalion 
СУ 
пВоАс = 1 


Vapor 
Pressure 
at 20°C, 

тт На 


репзну 
at 20°C, 
|Б/да! 


Gravity 
at 20/20°C 


Total 


giic Hoy Solubility Parameters 


Spe 
jdrogen 


а 


Polar 


Non-Polar 





Alcohols | | 

Amyl Alcohol, Primary C,H, (OH (Mixed Isomers) 88.15 018 16 6.79 0.816 IR 72 4.4 73 
n-Butonol сон 74.12 0.44 4.2 6.75 0.811 11.6 76 49 73 
Diisobuty! Carbinol C,H, OH (Mixed Isomers] 144.26 0.07 0.1 6.76 0.812 9.0 4.5 3.3 7.0 
Ethanol, 957,4 C;H,OH 46.07 3 0€ 41.4 675 0.811 12.8 9.8 5.5 6.2 
2-Ethyfhexonol C,H,CH(C;H.)CH,OH 130.23 ло 0.1 6.94 0.834 10.2 59 3.8 7.4 
tsobutanol CH,CH(CH,)CH,OH 7412 О 74 7.2 6.68 0.803 11.2 7.3 4.8 71 
Боргоропо!, Anhydrous СНУСНСНДЮН 60.10 290 330 6.55 0786 15 78 48 59 

Methyl Amy! Alcohol | СН СНСНСН,СНСНОН 102.18 0.43 37 6.72 0.808 9.0 5,1 37 6.4 
мећу Butanol ~_CH,CH,CH(CH,)CH,OH 88.15 0.24 20 6.81 0.816 "ag 5.9 4.5 7.4 
US Peron CHOH 88.15 0.18 ЕК 6.79 0.816 10.8 7.0 4.4 70 
" прешла - САН,ОН 60.10 1.30 149 6.71 0.805 12.2 8.6 5.2 6.9 


уоодриоц $зиэа]об joiusnpuy СЕЕ 


Solubility at 20°C, 
Percent by Wt 


ши Boiling 
Tension. Point ot 
at 20°C, | . 760 mm Hg, 


СА5 
Registration 


Title Itl Listed 
Hazardous Air 


Odor Detection 
Threshold? 


Electrical 
Resistance”, 


Flash Point, 


Viscosity 
Tag Closed 


Alcohols Mri 





cP дупе5/ст : °С in Water Water in Cup, °F Megohms | ЕР5О, ррт Pollutant'? Number 
Amyl Alcohol, Року до 257 | 137.9 17 92 113 Мо Mixture 
n-Butanol 2.9 248 1177 | 77 200 95 018 278 Но 7) де 4 
Ditsobuty! Carbinol 13.9 26.0 178.0 0.06 1 149 No Mixture 
Ethanol, 957,4 12 22.5 80.0 Complete 62 No 6417-5 
2-Ethyllicxanol | 9.0 26.8 184.6 0.07 26 142 No 104 76 7 
Isobutono! 39 23.0 107.9 85 150 82 018 Мо ZEN 
isopropanol, Anhydrous 2 4 214 823 Complete 53 Ме 6. чи 
Methyl Amyl Alcohol 51 231 131.7 ЕЯ 5 B 107 No 106 1! > 
2-Methyl Butonol 5.0 255 128.7 22 83 по No 137 32.6 
n-Pentanol 40 257 137.9 26 95 119 E Мо 71 41:0 
a-Propanol | 22 23.8 97.2 Complete 76 0.18 No 71-23-8 


ALLYL ALCOHOL 


Table 6.132: Physical Properties of Ally! Alcohol (37) 


Boiling point at 760 mm 
Coefficient of expansion at 20°C 
Color (Pt-Co, Hazen) 

Critical temperature 


Distillation range, IBP 
DP 


Fire hazard 


Flash point (Open cup) 
(Closed cup) 


Freezing point 


Heat of combustion (vapor) 


Ignition temperature in air 
in oxygen 


Latent heat of vaporization 
at 760 mm 


MAC 

Melting point 

Molecular weight 

Purity 

Refractive index at 20°C, n 


D 
Specific gravity at 25/25°C 


96.90°C 
0.00101 per °C 
15 max, 
271.9°C 


95°C, min. 
98°C, min, 


Dangerous when exposed 
to heat or flame 


90°F 
12°F 


Becomes a glass at -190°C 
442.4 kg cal/gm mole 


443°C 
348°C 


9550 cal/mole (295 ВТИ/1Ь) 
5 ppm in air 

-129°C 

58.078 

98.0% by wt., min, 

1.4134 

0.8501 


Table 6.133: Azeotropes of Alkyl Alcohol (37) 


Specific heat, Cp for liquid, 
20-95°C 


Surface tension at 20°C 


Toxicity 


Vapor pressure at 20°C 
Viscosity at 30°C 

Water 

Weight per gallon at 20°C 


ALLYL ALCOHOL FORMS BINARY AZEOTROPES WITH 


% 

70 
82.6 
70 
91 
17.5 
85 
71 
93 
80 
78.3 
89 
46 
55 
63 
95.5 
48 
64 
49 
71 
58 
72 
32 
30 
28 
48 
26 
70 
50 


Allyl ether 

Benzene 
1-Bromobutane 
1-Bromopropane 
Chlorobenzene 
1-Chlorobutane 
1-Chloro-3-methylbutane 
1-Chloro-2-methylpropane 
Cyclohexane 
Cyclohexene 
Diethoxymethane 
Ethyl propionate 
Ethyl sulfide 
Heptane 

Hexane 

Isobutyl formate 
3-Methyl-2-butanone 
Methyl butyrate 
Methyl carbonate 
Methylcyclohexane 
Methyl isobutyrate 
Octane 

2-Репіапопе 
3-Репіапопе 

Propyl acetate 
Propyl alcohol 
Propyl ether 


Toluene 


B. P. of Azeotrope °C 
89.8 
76.8 
89.5 
69.4 
96.5 
74.5 
88.3 
67.0 
74.0 
76.3 
87.0 
93.2 
85.1 
84.5 
65.5 
93.0 
93.5 
94.7 
86.4 
85.0 
89.8 
93.4 
96.0 
96.0 
94.6 
96.7 
85.7 
91.5 
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0.665 g cal/g -°C 
25,68 дупе5/ст 


Highly toxic by inhalation 
and ingestion 


17.3 mm 

0.01072 poises 
0.3% by wt., max. 
7.11 1Ъ3. 
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CROTYL ALCOHOL 


Crotyl alcohol is a clear, stable liquid with a straight-chain, bifunctional molecular structure, CH3—CH-—CH —CH2OH. 
A highly reactive compound, crotyl alcohol should find use in the manufacture of agricultural chemicals, plastics and 
polymer additives, vornish ingredients, and pharmaceuticals. 


The bifunctionality or two reactive points — hydroxy group and point of unsaturation — account for the high degree of 


chemical reactivity of crotyl alcohol. The hydroxy group undergoes such reactions as esterification and etherification; 
whereas the double bond enters into polymerization and addition reactions. 


Table 6.134: Physical Properties of Crotyl Alcohol (41) 


Empirical formula СНО 
Molecular weight (theoretical) 72,10 
Physical form Clear liquid 
Color, APHA, ppm. 15 
Purity, by gas chromatography, % 97-98 
Acidity, as crotonic acid, % 0. 049 
Boiling range, 760 mm., °C. 

Initial boiling point 121 

Dry point 126 
Specific gravity, 20* /20* C. 0. 8550 
Bulk density, lb. /gal., 20°C. 7.12 
Flash point, Tag Open Cup, °F. 113 (45 С.) 
Fire point, Tag Open Cup, °F. 113 (45 С.) 
Isomer concentration (approximate) J:ltrans:cis 
Viscosity, 75°F, (23. 9* C. ), cs. 32.7 


Solubility, 25°C., wt. % 


in water Completely miscible 
water in with water in all 
proportions 
ethyl alcohol miscible 
acetone miscible 
METHYLBUTYNYL ALCOHOL 
Methylbutynol, 2-Methyl -3-Butyn-2-ol HCCCOH(CH3)2 


Methylbutynyl alcohol is a tertiary acetylenic alcohol with an isaprenoid structure. 


Boiling point 


Fire hazard 


Table 6.135: Physical Properties of Methyibutynyl Alcohol (31) 


104 - 105*C 


Dangerous when 
exposed to heat or 


flame 
Flash point, Tag open cup B7.4*F 
Freezing point 2.6°C 
Refractive index at 20°C, np 1.4211 
Specific gravity, 20/20°C 0.8672 


Surface tension at 25°C 


23.8 dynes/cm (pure) 
41.7 dynes/cm 
(59 in water) 


Vapor pressure at 20*C 12 mm 
at 52*C 80 mm 
Weight per gallon 7.24 lbs 


METHYLPENTYNYL ALCOHOL 


Table 6.136: Physical Properties of Methylpentynyl Alcohol (37) 


Boiling point 121 = 122*C 

Fire hazard Moderate 

Flash point, Tag open cup 101.3*F 

Freezing point -30.6*C 

Refractive index at 20°C, np 1.4318 

Solubility in water at 25°C 12.8 g (100 g) 
Specific gravity at 26/20°C 0.8721 

Surface tension at 25°C 23.8 dynes/cm (pure) 


34.1 dynes/cm 
(5% in water) 


"| Vapor pressure at 20*C 4 mm 
at 68°C 96 mm 
Weight per gallon 7.28 lbs 


HIGHER UNSATURATED ALCOHOLS 


Table 6.137: Unsaturated Aliphatic Alcohols (69) 







9:10, 12:13-Octadecadienol Linoleyl 
9:10, 11:12, 13:14 -Octadecatrienol 
9:10-Octadecen-1,12-diol 

5:6,8:9, 11:12, 14:15- Eicosatetraenol 

4:5, 8:9, 12:13, 15:16, 19:20-Docosapentenol 


Elaeostearyl C gH44,0H 





Clupanodonyl| C 


* Ralston, A.W., “Fatty Acids and Their Derivatives", p. 733. 
* Hilditch, T. A., *The Chemical Constitution of Natural Fats". 


2283508 — | 316.0. 


Синан uere Rz eene 
[WiTerdee | мев јами TT | 
| пен јецњуон ча 1 


9:10, 12:13, 15:16-Octadecatrienol Linolenyl СНз ОН 264.43) 3 | | 
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240.5-241.5/10 mm 
148-150/1 mm 





* Brockelsby, H. P., *The Chemistry and Technology of Marine Oils with Particular Reference to Those of 


Canada”. p. 90. 


DIACETONE ALCOHOL 


Table 6.138: Physical Properties of Diacetone Alcohol (37) 


Acidity as acetic acid 0.01% by wt, max, Molecular weight 
Azeotrope with water: Refractive index at 20°C, np 
н point, 760 mm 98. 8"С Relative evaporation rate 
lacetone 12.7% by wt (n-butyl acetate = 100) 
Boiling point, 760 mm 169.2*C Specific gravity at 20*C 
Coeíficient of expansion ч 
at 55°C 0.00100 Specific heat at 15°C 
Fire hazard Moderate Toxicity 
Flash point, Open cup 155°F Vapor pressure at 20°C 
Freezing point -42.8*C Viscosity at 20*C 
Heat of vaporization, | atm, 162 Btu/1b Water at 20*C 
Hydrocarbon solubility Complete 


MAC 50 ppm in air Weight per gallon at 20*C 


116.16 
1.4232 


14 

0.9406 

0.500 cal/gm/*C 
Slight 

0.97 mm 

3.2 cps 


Miscible without turbid - 
ity with 19 vol. of 
60* Bé gasoline 


7.82 lbs 
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2-MERCAPTOETHYL ALCOHOL 


Table 6.139: Physical Properties of 2-Mercaptoethyl Alcohol (31) 


Boiling point at 760 mm 156.9°C 
50 mm 83°C 
10 mm 53°C 
Coefficient of expansion 
at 55°C 0.00080 
Fire hazard Moderate 
Flash point, Open cup 170°F 
Heat of vaporization 257 Btu/lb 
Molecular weight 78.13 
Refractive index at 20*C, np 1.5011 
Relative evaporation rate 
(n-butyl acetate + 100) 13 
Solubility in water at 20*C Complete 
Solubility of water in, at 20*C Complete 
Specific gravity at 20/20*C 1.1168 
Vapor pressure at 20*C 1.2 mm 
Viscosity (absolute) at 20*C 3.4 срв. 


Тожсиу 
Weight per gallon at 20“ С 


2-ETHYLSULFONYLETHYL ALCOHOL 


Moderate (acute local) 
9.30 1bs 


Table 6.140: Physical Properties of 2-Ethylsulfonylethyl Alcohol (37) 


Acidity as acetic acid 0.25% max. 
Boiling range at 2.5 mm 155 to 156°C 
Fire hazard Slight 

Fire point 406°F 

Flash point, Tag open cup 370°F 
Moisture content 1.5% max. 
Molecular weight 138.19 
Refractive index at 26°C, n 1.4679 


р 
Set point 


Specific gravity at 45/20°C 


40.5 to 42.5°C 
1.252 to 1.258 g/m! 


Toxicity Slight 
Viscosity at 60°C 12.8 cps. 
1,1,1-TRIFLUOROETHYL ALCOHOL 
Table 6.141: Trifiuoroethanol Physical Properties (25) 
Моѓесијаг Меди (СЕ„СНОН).................. 100.04 Heat of Vaporization, ВИШБ. ...................... 149 
ВОШПО ВО, S ecc veu X SE Eee a а а 73.6 Неа| огсотбизН оп'", кса тог ................ — 211.9 
мешао Ро С овалан књ нв ЖЗ ~ 45.0 Vapor Pressure vs. Temperature, logP s - 1910 , a.39 
Fiash Point (Open Cup), °F .'...................... 105 (mm. Hg., °K) T 
(СІоѕеа Сир), “Ғ....................... 92 Thermal Conductivity, Btu/hr, ft. 

" ЕігеРоїіпі.................................... Мопе @104°Р................... ұланы ааа e 0.071 
беп5йу,25%С/4“С............................ 1.2822 Уі5сов іу, сепйісіокес, 100“Ғ-.................... 0.90 
Refractive Index, n? .......................... 1.2907 іопіга(іоп Сопѕ(апі Ка? ................... 4.3х 107" 

Огрое Мотеп!", ((0)25"С ....................... 2.03 
Critical Temperature, °C ......................... 227 Оівіесігіс Сопбіапі!" Є(25С).................... 26.14 


Спісаї Ргеззиге, ряїа ........................... 715 
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Table 6.142: Polymer Solubilities in Trifluoroethanol (25) 


POLYMER SOLUBILITIES IN TRIFLUOROETHANOL 










| solubility 


| g./100 g. solution at b.p. (ca 80 °C) | 


g./100 g. solution at 24°C 


Zytel” 61° 











Insoluble Polymers at b.p.: Delrin®, Lexan®, Mylar®, Polyethylene (high and low density). 


Polypropylene, Orlon® 





Other Soluble Polymers: Polymethacrylate (>27 wt. % at 24 °C): Cellulose Acetate 


(>28 wt. % at 24°C): Polyvinyl Acetate (>24 wt. % at 24 °C). 


Slightly soluble: Nylon 11 (0.2 wt. %) 


"а duPont “soluble” nylon 


Table 6.143: Salt Solubility (wt. %) in Triftuoroethanol at 25°C (25) 


Salts 


Inorganic salts are slightly soluble trifluoroethano! containing 0.2% water. The same salts are bout 2 to 3 times more soluble 


in the alcohol containing 5% water. This combination of alcohol and water is convenient for conductometric titrations and 
organic ionic reactions. 


SOLUBILITY (WT.%) IN TRIFLUOROETHANOL AT 25°C 
Water Content LiCl мас! NaF КІ KBr CaCl, 





Table 6.144: Soiubility of Gases in Trifiuoroethanol at 27°C (25) 


Gases 
The simple gases have solubilities in trifluoroethanol which are similar to their solubilities in water. 


SOLUBILITY OF GASES 
IN TRIFLUOROETHANOL AT 27°C 


(mi. of qasimi. of liquid} 


N, О, со, 
0206 0.13 18 


+ ete re 





Маро! Pressure, 





-20 A0 о 0 20 30 40 50 60 то 80 90 100 


Temperature °C 
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Table 6.146: Freezing Point: Triftuoroethanol-Water (25) 


ELI d 


Freering Pointe “С 


ТГ 





ВКА Б А LA 


о 0 го 30 40 50 60 то во 90 100 


4000 5000 2000 1500 1300 1000 


8 


ABSORBANCE 
5 





миљи три Wet MÁY c^ 


50 во то ; 8.0 ко 12.0 140 во 16.0 200 220 24.0 
tf mm by Presayra WAVELENGTH (MICRONS) 
Scanned on PERKIN-ELMER 337 (Ю ст. Се!!! 


B mm. Hg Pressure 


1H,1H,3H- TETRAFLUORO-1-PROPYL ALCOHOL 


Table 6.148: Physical Properties of 1H,1H,3H- Tetrafluoro-1-Propyl Alcohol (31) 


Acid number 0.82 

Boiling point at 760 mm 109 - 110*C 

Density at 20*C 1.4853 g/mi 

Distillation range at 760 mm 90% between 99,5* 
and 108.5*C 

Fluorine content 57.5% 

Formula weight 132.06 

Hydroxyl number 398 

Melting point -15°C 

Moisture content 0.40% 

Purity > 95% 

Refractive index at 20°C, np 1.3197 


Surface tension at 20°C 27.6 dynes/cm 


1H,1H,5H-OCTAFLUORO-1-PENTYL ALCOHOL 


Monohydric Alcohols 


Table 6.149: Physical Properties of 1H,1H,5H-Octafluoro-1-Pentyl Alcohol (31) 


BENZYL ALCOHOL 


Acid number 
Boiling point at 760 mm 
Density at 20*C 


Distillation range, ASTM, 
at 760 mm 


Fluorine content 
Formula weight 
Hydroxyl number 
Moisture content 
Purity 


Refractive index at 20*C, np 


Surface tension at 20*C 


0.70 
140 - 141°C 
1.6647 g/ml 


90% between 133.0° 
and 141,0°C 


65.5% 

232.08 

224 . 

0.08% 

> 95% 

1.3190 

24.5 dynes/cm 


Table 6.150: Physical Properties of Benzyl Alcohol (31) 


Acidity as benzoic acid 
Aldehyde as benzaldehyde 
Boiling point 

Chiorine as benzyl chloride 


0.15% max. 
0.50% max. 
205.3*C 

0.15% max. 


Dielectric constant 
Distillation range, 


Тыр 


5% 
90% 
95% 


Electrical conductivity at 25°C 


Fire hazard 


Flash point (Open cup) 


Freezing point 
Heat of combustion 


1.66 
195°C min. 


204°C 
207°C 
210°C max. 


18 x 10°? recip, 
ста. 


Slight 

213°F 

-15.3*C 

893 kg cal/mole 


Table 6.151: VELSICOL Benzyl Alcohol (59) 


Benzyl! Alcohol, Reagent Grade 


Latent heat of evaporation at 204.25°C 
Molecular weight 
Refractive index at 20°C, n 


D 
Solubility in water 


Specific gravity at 25/25°C 
Specific heat at 15-20°C 
Surface tension (c.g. s. units) 
Toxicity 

Vapor pressure at 30*C 
Viacosity at 20*C 

Weight per galion at 20°C 


339 


111.58 gmcal/gm 
108.13 
1.5334-1,5397 


I part in 30 parts 
of water 


1.044-1.058 
0.5402 cal/gm 
39.71 

Slight 

0.100 mm 
0.05582 cps. 
9.78 lbs. 


Benzyl Alcohol is a clear, colorless liquid with a mild, pleasant aromatic odor. It is a primary alcohol with reactive 
methylene and nuclear hydrogen. The reagent grade is a high purity material with analytical utility. 


SPECIFICATIONS 
Assay, (G.C.), % minimum 


Solubility, in 25 ml water at 25°C, g | 
Benzaldehyde content (U.V. determination), % maximum 


Halogen (Beilstein Test) 


TYPICAL PROPERTIES 
Boiling Point, 

5 mm Hg, °F/°C 

760 mm Hg, "F/^C. — 
Vapor Pressure, mm Hg 

аї 86°Е/30°С 

аї 212°Е /100°С 
Melting Point, *F/"C 
Specific Gravity, 25°/25°C 
Refractive Index, 25°C 


99.0 

1 

0.03 
Negative 


177.8°/81° 
401° /205° 


0.1 
13.3 
—5°/-15° 


1.042 - 1.047 
1.5390 - 1.5410 
Vapor Density (air=1) ---------------------..-------------- 32 
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FURFURYL ALCOHOL 


Table 6.152: Physical Properties of Furfuryl Alcohol (46) 


PHYSICAL PROPERTIES 


General Properties 

Molecular Weight 

ae Point (at 760 mm Hg) 
°F 

ee Point, metastable crystalline form 
°F 

есето Point, stable crystalline form 
°F 

Density (at 20°C, 68°F), g/cm? 


Specific Gravity, 20/20°C 
Refractive Index 
Np” 
По“ 
Vapor Density (air = 1) 
Vapor Pressure (at 31.8°C, 89.2°F), mm Hg 


98.10 


170 
338 


229 
20.2 


- 14.63 
5.7 


1.1285 
1.1351 


1.4868-1.4870 


_ 1.4843-1.4845 


3.38 
1 


Also see Table ! & Figure B 


Thermodynamic Properties 
Heat of Vaporization, cal/g 
Heat Capacity, cal/g-°C 

liquid at — 20°C 

liquid at 0°C 

liquid at 25°C 

stable crystalline form at – 40°С 

stable crystalline form at — 20°C 
Thermal Conductivity, kcal/m-hr-°C 
Heat of Combustion, kcal/gmole 

at constant volume 

at constant pressure 
Heat of Formation, liquid, kcal/gmole 
Heat of Fusion, stable crystalline form, cal/g 
Thermal Expansion Coefficient* 

ВРС (- 17.8 № 37.8°С) 

ВРЕ (0 to 100°F) 


ба 04: — pf 
2 (t; — t) Pp; 


Fluid Properties 
Viscosity (at 25°C, 77°F), cps 
Surface Tension (at 25°C, 77°F), dynes/cm 
Furfury! Alcohoi-Water Azeotrope 
(at 760 mm Hg) 
i Point of Vapor 
°F 
Composition, wt 96 


Furfuryl Alcohol 
Water 


(Note: p = specific gravity 
t = temperature) 


"B 


122 


0.450 
0.472 
0.502 
0.256 
0.278 


0.154 


608.9 
609.2 


- 66.06 


31.8 


8.52 x 10°* 
4.53 х 10-“ 


38.2 


99 
210.2 


са 9 
са 91 


Other Properties 


Physical State Liquid 
Color Colorless 
to Yellow 
Odor Mild & 
Characteristic 
Chemical Oxygen Demand, Ib/Ib FA 1.75 


Biochemical Oxygen Demand 0.81 
(Б days, 20°C), Ib/Ib FA 


Dipole Moment, e.s.u. 1.92 x 10"° 
Solubility Parameter, (cal/cm?)'? 12.5 
Solubility in 
Water © 
Alcohol со 
Ether © 
Flammability Properties of Commercial 
QO® FA® Furfuryl Alcohol! 
Flash Point 
Tagliabue, closed cup 
°C 77 
°F 170 
Pensky-Martens, closed cup 
°C 83 
F 182 
(Based on flash point, furfuryl alcohol is classified 
as a Combustible Liquid Class IHA.*) 
Flammability Limits (in dry air at 72.5-122°C) 
% by volume 
Lower limit 1.8 
Upper limit 16.3 
Ignition Temperature 
In air 
°C 391 
°F 736 
In oxygen | 
°C 364 
°F 687 
DOT Label Required 
U.S. none** 
International See IMCO 
regulations 


*Refers to Code 29 CFR 1910.106 of Federal Regulations. 


""М/пеп SUUS UPS, consult their Guide For Shipping Hazardous 
Materials Via UPS 


QO* FA? Furfuryl Alcohol Specifications* 


Furfuryl Alcohol, Assay, wt %, Minimum 98.0 
Moisture, wt %, Maximum 0.3 
Furfural, wt %, Maximum 0.7 
Cloud Point, °C, Maximum** 10.0 


“Methods available upon request. 


**The cloud pan of furfury! alcoho! is determined by diluting 15 mi of the 
alcohol with 30 ml of water and cooling the clear solution until it becomes 
definitely cloudy. The solution is then allowed to warm up with stirring 
until it is just clear. At this point, cooling produces an immediate 
cloudiness; this temperature is recorded as the cloud point (9). 
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Table 6.153: Vapor Pressure of Table 6.154: Pounds per Gallon of Furfuryl Alcohol! 
Furfuryl Alcohol (46) at Various Temperatures (46) 


Temperature Pressure 
mm Hg 


T, *F T, °C Ibs/gal ТЕ Т, °С ibs/gal 


0 
1 
2 
3 
4 
5 
6 
7 
8 


2 
O 
О 
А 
О 
А 
О 
О 
А 
[ 
А 
О 
А 
[ 
А 
O 
П 
А 
O 
О 
А 
О 
А 





[ ] Quaker Oats Chemicals, Inc., Research 
Laboratory, unpublished data. 

A D.R. Stull, /nd. & Eng. Chem., 39,517, 
1947 

Q G.S. Parks, private communication 





Table 6.155: Density of Furfuryl Alcohol-Water Table 6.156: Vapor Pressure of Furfuryl Alcohol as a Function 
Solutions as a Function of of Temperature (46) 
Composition (at 25°C, 77°F) (46) 


— 


8 8 8 8 888 





O Quaker Oats Chemicals, Inc., Research Labora- 
tory, unpublished data. | 

^ D.R. Stull, /nd. & Eng. Chem., 39 517, 1947. 

O G.S. Parks, private communication. 
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Table 6.157: Solubility of Liquid Organic Com- 
pounds in Furfuryl Alcohol 
(at 25°C, 77°F) (46) 


Table 6.158: Solubility of Solid Organic Com- 
pounds in Furfuryl Alcohol 
(at 25°C, 77°F) (46) 


5 се/5 се 5 сс/10 сс 1 9/5 сс 19/10 cc 
Ригішу! Furfury! Furfury! Furturyl 
Compound Alcohol Alcohol Compound Alcohol Alcohol 
Acid, dichloroacetic, C.P. R Acid, acetylsalicylic, U.S.P. S 
Acid, lactic, U.S.P. 5 Acid, anthranilic N 
Acid, valeric S Acid, benzoic, U.S.P. S 
Alcohol, amyl S Acid, citric, U.S.P. SS N 
Alcohol, benzyl, tech. S Acid, monochloroacetic S 
Alcohol, ethyl 5 Acid, naphthionic, tech. | i (R at 115°C) 
Alcohol, isoamyl, tech. S Acid, oxalic, tech. | В 
Alcohol, isobutyl, C.P. 5 Acid, stearic 55 SS (S at 95°C) 
Alcohol, isopropyl, tech. 5 Acid, sulfanilic | | (R at 115°C) 
Alcohol, propyl 5 Acid, tannic SS SS (SS at 125°C) 
Aniline 5 Acid, tartaric, U.S.P. | | (SS at 125°C) 
1,2-Butanediol 5 Acid, trichloroacetic R 
Chioroform, U.S.P. 5 Anthracene, tech. | SS (S at 110°C) 
Crotonaldehyde, tech. 5 Anthraquinone | 1 (S at 130°C) 
o-Dichlorobenzene S Benzidine SS S-R 
Dichloroethy! ether, tech. 5 3-Bromo-d-camphor 5 
Diethylaniline, tech. S Carbazole | I (S at 120°C) 
Diethy! carbonate 5 Casein | | (1 at 125°C) 
Diethylene glycol 5 Chiorai hydrate. U.S.P. 5 
Diethylene glycol dioleate 5 o-Chioronitrobenzene, tech. 9 
Diethylene glycol monobutyl ether, tech. 5 Dextrose | | (SS at 125°C) 
Diethy! phthalate, C.P. 5 Dianisidine, tech. 5 
Diethyl sulfate, tech. R p-Dichlorobenzene S 
N,N-Dimethylaniline, tech. S Опучсо! stearate 55 1 (5 at 100°C) 
Dimethyl sulfate R N,N-Dimethyl-para-nitrosoaniline | 5 
Ether, ethyl S | Dinitrochtorobenzene, tech. 5 
Ether, isopropyl 5 Dinitronaphthalene | i (S at 120°C) 
Ethyl acetate, tech. 5 Dinitrophenol 9 
Ethyl acetoacetate 5 Оірпепу! 5 
N-Ethyl-N-benzylaniline 55 Diphenylamine S 
Ethyl bromide S Diphenylguanidine S 
Ethyichiorocarbonate R Hexamethylenetetramine, U.S.P. 5 
Ethylene chlorohydrin SS lodoform. U.S.P. | | ($ at 92°C) 
Ethylene dichloride 5 Naphthalene | i (S at 92°C) 
Ethylene glycol monobutyi ether, tech. 5 alpha-Naphthol, tech. 5 
Glycerol, U.S.P. 5 beta-Naphthol, tech. 9 
Methyl acetate, tech. 5 beta-Naphthylamine, tech. |. 1 (S at 92°C) 
Methyl ethyl ketone 5 alpha-Naphthylamine hydrochloride R (violent reaction) 
Nitrobenzene S m-Nitroaniliné S 
o-Nitrotoluene, tech. S p-Nitroaniline S 
Oil, lard | | (5 at 125°C) p-Nitrophenol, tech. 5 
Oil, linseed 55 SS (S at 120°C) | | p-Nitrotoluene 5 
Oil, neatsfoot | I (S at 120°C) m-Phenylenediamine 5 
Oil, peanut | 1 (S at 125°C) Resorcinol, white, U.S.P. 5 
Oil, rapeseed | 1 (5 at 120°C) Saccharin, U.S.P. | 1 (SS at 125°C) 
Oil, Turkey red 5 Sodium acetate | | (S at 115°C) 
Oil, whale | 1 (5 at 125°C) Sodium benzoate. U.S.P. | | (lat 125°C) 
Paraldehyde, U.S.P. 5 Sodium naphthionate, tech. | 1 (R at 112°C) 
Pyridine, tech. 5 Sodium picramate, tech. | 
1,1,2,2-Tetrachloroethane, tech. 5 Thiocarbanilide І | (Sat 92*C) 
o-Toluidine, tech. S 2,4,6-Tribromophenol, tech. 5 
Хуепе 5 Triphenylguanidine, tech. 5 


S = Soluble 


SS = Slightly soluble 


i = Insoluble 





R = Reacts’ 


“Reactions of furfuryl alcohol in the presence of acid or acid generators may be violent; use caution. 
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Table 6.159: Solubility of Thermoplastic Resins 
In Furturyl Alcohol (at Room 
Temperature) (46) 


Resin Type Tradename (Manufacturer) КОЙ 


Cellulose acetate CAB-500-1 (Tennessee Eastman) 
butyrate 
















Cellulese nitrate RS (Hercules) 
N-50 (Hercules) 


Plexiglass* V(052)100 
(Rohm & Haas) 


Plexiglass* VM100 (Rohm & Haas) 








Ethylcellulose 









Methyl 
methacrylate 
























Methy! 
methacrylate 


Elvamide* 8023 (DuPont) 
Ематіде" 8061 (DuPont) 
Elvamide* 8061M (DuPont) 
Elvamide? 8064 (DuPont) 
Elvamide* 80625 (DuPont) 
Elvamide? PB8066 (DuPont) 
Rilsan* BMNO (Rilsan Corp.) 
Dowlex* 2045 (Dow Chemical) 
Dowlex® 2598TB (Dow Chemical) 
Bakelite AYAT {Union Carbide) 
Bakelite VYHH (Union Carbide) 


Nylon 





Nylon 








Nylon 





Nylon 





Nylon 








Nylon 
Nylon 





Polyethylene 





Polyethylene 





Vinyl acetate 











Vinyl acetate- 
chloride 








Vinyl butyral 





Bakelite* XYHL (Union Carbide) 
Vinylidene chloride | Saran F-310 (Dow Chemical) 


Soluble from 1 g to 10 g per 100 g solvent 
Soluble 10 g or more per 100 g solvent 
Less than 1 g per 100 g solvent 

Slowly 


V 


S 
5 
: 


--- 
= 
— 
аа 
— 
= 
— 
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Table 6.160: Effect of Time at Elevated Temper- 
ature on Certain Characteristics of 
Furfuryl Alcohol (Under Neutral 
Conditions) (46) 


Rate of Water Formation 
1 m H,0/2 m Furfuryl Alcohol x 10? 








0 4 8 12 16 20 24 28 32 


Hours of Heating 


Rate of Change of Specific Gravity 
Specific Gravity, 4% 





1.1440 
ма __ | | || |_ 
1.1360 4]. |. И] "TIS 
1.1320 о- EST) 
0 4 8 12 16 20 24 28 32 


Hours of Heating 


Rate of Change of Refractive index 
Refractive Index, nz 








1.4940 


1.4920 


1.4900 — 


1.4880 


0 4 8 12 
Hours of Heating 


16 20 24 28 32 


Legend: 

х — А! 100°С 
О — А! 150°С 
A — At 200°C 


A.P. Dunlop and F.N. Peters, Jr., /nd. & Eng. Chem., 
34, 814 (1942). 
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Table 6.161: Stabilization of Furfuryl Alcohol With an Amine (at 150°C in Glass) (46) 


Stabilization of Еу! Alcohol with an Amine (at 150°C in glass) 


Time, ae aah Density, Cloud : 


9.9 
13.5 


36.0 


insot. @ 100°C 


n-buty! amine, 0.3% 





A.P. Dunlop and F.N. Peters, Jr., Ind. Eng. Chem., 34, 814 (1942). 


Table 6.162: Antoxidation of Furfuryl Alcohol (46) 


Oxygen Absorption, Moles O;Liter Furfuryl Alcohol (Under Accelerated Laboratory Conditions) 


Time, Furfuryl Aicohol plus Furfuryl Alcohol plus 0.595 Furturyl Alcohol plus 
Furfury! Alcohol 0.55, Н,0 ripropylamine 0.5% Hydroquinone 


Acidity, equiv/titer Furfuryl Alcohol 


0 (initial) 
330 (fina!) 
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TETRAHYDROFURFURYL ALCOHOL (46) 


Table 6.163: Physical Properties of Tetrahydrofurfuryl Alcohol (46) 


э e S ama ame р 


Physical Properties of THFA® 





GOP THEA® Specifications _ 


Ha 





Molecular weight 102.13 Í Specitic heat, liquid at 20°C, cal/g°C ТНЕА?, Assay, wt. % min. 98.0 
Appearance орек | Heat of vaporization, cal/g Furfury! alcohol, wt. % max. 0.1 
u | 
9 | 1,2-Pentanediol, wt. % max. 1.6 
| Heat of combustion, kcai/mol 
Boiling point at 760 mm, *C 178 at constant pressure Moisture, wt.% max. 0.3 
Vapor pressure see pg.6 _| Flash point (Tag closed-cup), Color, APHA, max. 50 
°C 
| inhibitor 
Freezing point, °C below -80 | ор 
дро | Е Polygard, wt. % 
| Sodium borohydride, wt. % 
Specific gravity at 20/20°C 1.054 | Auto-ignition temperature, °C 
Pounds per gal. at 20°C 8.79 | Flammability limits in air 
lower, vol % 
Retractive index n; 1.452 upper, vol % 
Surface tension at 25°C, dynes/cm 37 Dielectric constant at 23°C 
Viscosity at 20°C, cps 6.24 


absolute 


Solubility parameter (est.) 


Relative evaporation rate 


(n-butyl acetate=1.00) 





Table 6.164: Solubility of Various Substances in Tetrahydrofurfuryl Alcohol (46) 






Acetylsalicylic 
Апійгапіїіс 
Benzoic 
Butyric 

Citric 

Cresylic 
Lactic 
Naphthionic 
Oxalic 

Stearic 
Sulfanilic 
Tannic 
Tartaric 
Trichloroacetic 
Valeric 


Alcohols: 
Benzy! alcoho! 
Chloral hydrate 
Dinitrophenol 
Ethanol 
Ethylene glycol 
Glycerol 
Isobutanoi 
Ізоргорапо! 
а--Марһіһо! 
В-мармто! 
Репіапої 
Ргоралої 


Aldehydes: 
Вепха!дећуде 
Crotonaldehyde 
Paraldehyde 


Amines: 

Aniline 

Benzidlne 
Dianisidine 

Diethy! aniline 
Dimethyl aniline 
Diphenylamine 
Hexamethylenetetramine 
p-Naphthylamine 
m-Phenylenediamine 
Pyridine 

o-Toluidine 
Triphenylguanidine 
Xylidine 


Aromatics: 
Anthracene 
Benzene 

! Dinltronaphthalene 

| Dipheny! 

, Naphthalene 

; p-Nitrophenot 

; o-Nitrotoluene 
p-Nitrotoluene 
Xylol 


7  20wL*S 101% — 








| solute solute 
S 
S 
S 
S 
SS S 
S 
SS (9 1200) 
SS 
$$ 65 
І | cS at 1009) 
І | а аа 3309 
І 1 (93 at 130 
ss 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
55 5 
5 
5 
5 
| | (88 а 1309 
55 
5 
5 
5 
55 5 
5 
І | (8 at 1005 
S 
І E (S mt 1209 
55 
5 
5 
5 
| 5 
5 


" |Esters: | 


Amyl acetate 
Butyl acetate 
Cellulose acetate 
Diethyl acetate 
Diethyl phthalata 
Ethyl acetate 
Ethyl acetoacetate 
Methyl acetate 


Ethers: 

Dichloroethy! 

Diethlylene glycol monobutyl 
Diethlyene glycol monoethyt 
Ethyl 

Ethylene glycol monobutyl 
Ethylene glycol monoethyi 


на ез: 
Benzyl chloride 
Bromobenzene 

| Bromoform 
Chloroform 
o-Dichlorobenzene 
р-ОкпюгоБепгепе 
Dinitrochiorobenzene 
Ethyl bromide 
Ethylene chloride 
todoform 
o-Nitrochiorobenzene 
Tetrachloroethane 


Ketones: 

Acetone 
Anthraquinone 
Methyl ethy! ketone 


Olis: 
Aniline 
Castor 
Chinawood 
Coconut 
Cottonseed 
Lard 
Linseed 
Menhaden 
Neat’s-foot 

| Peanut 

| Rape-seed 

| Sperm 

| Turkey Red 
Whale 


Miscellaneous Compounds: 
Caffeine 

| Camphor, monobromo 

, Casein 

| Chioramine 

| Dextrose 

| Sodium acetate 

| Sodium benzoate 

| Kay: $=Soluble 

=Insoluble 


20 wt. % 











10 wt. % 
solute ^ зш  ___ 

5 

5 

5 

5 | 

5 | 

S i 

5 | 

5 | 
| 

5 | 

5 

5 

5 

5 1 

$ i 

5 | 

| 

5 i 

| 

5 | 

55 5 

55 5 | 

5 | 

5 | 

5 | 

55 5 | 

й | 
1 

s | 

і |ам 1304 

5 

5 

| 

! 

1 

| 

| (8 а 1299 

| ви 1204 

Ї 8 120) 

| (з а 1205 

| (8 ан 1205 

| (S et 1205 

| i$ at 1208 i 

5 | 

|i at 1204 | 

| б 

І 

І 

| #88 а 13) 

Г Ї (З м 1005 

55 5 | 

| SS (ss at 1355 | 


SS-Slightly Soluble 
tempz Fahrenheit 
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Table 6.165 
Weight % ТНҒА 
0 
в 
7 
1 
7 
5 
2 
3 
6 
2 
8 
9 
8 
9 
3 
4 
9 
в 
4 
3 
3 
1 
3 
9 
1 
7.1 
в 
4 
0 
Table 6.166 


Table 6.168: Vapor-Liquid Equilibria Curve of the THFA-Water 
System at the Boiling Point (46) 
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MOLE FRACTION OF H,O IN LIQUID 


Table 6.169: The System THFA-Water Composition Curve (46) 


1.4800 =~ 
1.4400 
1.4300 
1.4200 


1.4100 


BIE Lus 


1.3800 


REFRACTIVE INDEX 


1.3700 
1.3600 
1.3500 
1.3400 
1.3300 


o% 20 40 го | во 100% 


PER CENT THFA 
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Table 6.170: Specific Gravity and Pounds per Gallon (46) 






Temperature Sp. Gr.* Lbs./Gal. 

оС, ор 

50 122.0 1.031 8.588 

40 104.0 1.039 8.656 

30 86.0 1.047 8.724 

20 68.0 1.055 8.792 

10 50.0 1.064 8.859 
0 320 1.072 8.927 


Change per °C: Sp. Gr.—0.000815 Lbs./Gal.—0.00679 
*Referred to water at 20*C 


Table 6.171: Vapor Pressure (Boiling Point Method) (46) 


Pressure (mm) 


2.3 0.00318 
5.2 0.00306 
45.5 | 0.00271 
73.3 0.00262 
83.3 . 0.00260 
120.0 0.00254 


196.0 0.00244 
303.0 0.00239 
400.0 0.00234 
495.9 0.00230 
598.0 0.00227 
747.0 | 0.00222 


Table 6.172: HERCO and YARMOR Pine Oil (28) 


HERCO? PINE OIL 
A High-Quality, General-Purpose-Grade Pine Oil 

HERCO® pine oil is a clear, pale yellow to near-water-white, oily liquid with a distinct pinelike 
odor. Derived from terpene oils of pinewood origin, it is a blend of related compounds, largely 
terpene alcohols. Herco pine oil meets requirements of Federal Specification LLL-P-400a for Type 1 
pine oil. It is especially indicated for manufacture of high-performance cleaners and disinfectants, and 
for all other uses where a pine oil of uniform, high-terpene-alcohol content is required. 

(а) Herco pine oi! is registered with the Office of Pesticide Program of the U.S. Environmental Protection Agency under 

EPA Registration Number 891-175. 


General Sales Specifications 


Hercules Test Methods are available an request 


Specific gravity at 15.6/15.6°C 0.930-0.938 
Total terpene alcohols, % min 80 
Moisture, % max 0.5 

Color, APHA, max 70 
Typical Properties 

Specific gravity at 15.6/15.6°C 0.933 
Total terpene alcohols, % 85 
Moisture, % 0.4 
Distillation range, °C, (5% to 95%) 206 - 220 
Refractive index at 20°C 1.481 
Color, APHA 25 
Kauri-butanol value > 500 
Flashpoint, TCC “Е (С) 150 (66) 
Density at 60°F (15.6'C), Ibs/gal (kg,l) 7.78 (.93) 
Freezing point, °F СС) 39 (4) 
Outstanding Characteristics 


Clear, pale color; high terpene alcohol content; piney odor; high solvent activity; excellent wetting, 


penetrating, and dispersing properties, high bactericidal activity when properly formulated; uniform (continued) 
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Table 6.172: (continued) 


YARMOR? F PINE OIL 


Flotation-Grade Pine Oil 


YARMOR? F pine oil is a frothing agent designed for flotation processes, particularly for benefication 
of metallic sulfide ores. Derived chiefly from oils extracted from pinewood, it is a mixture of 
terpenes, predominantly alcohols with lesser amounts of related terpenes. 


Yarmor F produces a strong froth of good volume, satisfactory texture, and excellent cell life 
Stability. Although normally used as a frother, it is also an effective collector for certain minerals. 


General Sales Specifications 


Hercules Test Methods arc available on request 


Specific gravity at 15.6/15.6 'C 0.930-0.950 
Total alcohols, % min 7 
Moisture, % max 1.8 
Typical Properties 
Specific gravity at 15.6/15.6 °C 0.938 
Total alcohols, % 75 
Moisture, % 1.1 
Refractive index at 20 °C 1.484 
Color, Gardner 3 
Distillation range, °C 

5% 205 

95 % 227 
Flashpoint, COC, *FCC) 169(76) 
Weight/gal, tbs (kg/l), 60 ‘F (15.6 °C) 7.8(.94) 
Viscosity, Ubbelohde, at 77 °F (25 °C), cps 10 
Freezing point,” °F (C) 32(0) 


(8) Y armor F will supecool and can be handled satisfactorily at lower temperatures 


Outstanding Characteristics 
Strong froth; excellent cell life stability; excellent wetting properties; low freezing point; low volatility 


YARMOR? 60 PINE OIL 


Terpene Alcohol 

 YARMOR? 60 pine oil" is a clear, pale yellow to near water-white oily liquid with a distinct 
pinelike odor. Derived from terpene oils of pinewood origin, it is a blend of related compounds, 
principally terpene alcohols. It is intended for manufacture of cleaners and disinfectants, and for other 


uses where a good-quality pine oil is required. 
(a)Yarmor 60 pine oil is registered with the Office of Pesticide Programs of the U. S. Environmental Protection Agency under EPA 


Registration Number 891-181. 


General Sales Specifications 


Hercules Test Methods ae svailable on request 


Specific gravity at 15.6/15.6 'C 0.909-0.919 
Total terpene alcohols, % min 60 
Moisture, % max 0.5 
Color APHA, max 70 
Typical Properties 
Total terpene alcohols, % 62.7 
Moisture, % 0.3 
Distillation range, °C 

5% 196.6 

95% 224.9 
Color, Hazen 20 
Color, (Hercules terpene) 0.2 
Kauri-butanol value | 500 
Flashpoint, TOC, °C СЕ) 60(140) 
Weight, lbs/gal (kg/l), 60 °F, (15.6 °C) 7.75(.91) 
Specific gravity at 15.6/15.6 'C 0.91 


Outstanding Characteristics 


Clear, pale color; high terpene alcohol content; piney odor; high solvent activity; excellent wetting, 


penetrating, and dispersing properties 


(continued) 


Monohydric Alcohols 351 


Table 6.172: (continued) 


YARMOR? 302 PINE OIL 


Highest Quality, All Purpose-Grade Pine Oil 
YARMOR? 302 pine oil* is a clear, pale yellow to near-water-white, oily liquid with a distinct 
pinelike odor. Derived from terpene oils of pinewood origin, it is a blend of related compounds, 


mainly terpene alcohols. Yarmor 302 meets requirements of Federal Specification LLL-P-400a for 
Type 1 pine oil. 


(a)Yarmor 302 pine oil is registered with the Office of Pesticide Programs of the U.S. Environmental Protection Agency under EPA 
Registration Number 891-174 


General Sales Specifications 

Herculoe Tost Methods are svailsblc on request 

Specific gravity at 15.6/15.6 'C 0.938-0.946 
Total terpene alcohols, 96 min 85 
Moisture, 96 max 0.5 

Color, APHA, max 70 
Typical Properties 

Specific gravity at 15.6/15.6 °C 0.941 
Secondary alcohols, % 16 
Tertiary alcohols, % 76 

Total terpene alcohols, % 92 
Moisture, % 0.35 
Refractive index at 20 °C 1.481 
Color, APHA 25 
Kauri-butanol value > 500 
Flashpoint, TCC, °F СС) 172(78) 
Freezing Point, "F (C) 41 (5) 
Weight/gal, lbs (kg/l), 60°F (15.6°C) 7.85 (0.94) 


Outstanding Characteristics 


Clear, pale color; high terpene alcohol content; piney odor; high solvent activity; excellent wetting, 
penetrating, and dispersing properties; high bactericidal activity when properly formulated. 


. YARMOR? 302W PINE OIL 


À General-Purpose-Grade Pine Oil 
YARMOR? 302W pine oil" is a clear, pale yellow to near-white-water, oily liquid with a distinct 
pinelike odor. Derived from terpene oils of pinewood origin, it is a blend of related compounds, 
predominantly terpene alcohols with minor amounts of terpene hydrocarbons. It is suitable for all uses 


where a general-purpose grade of pine oil is required. 
(a) Yarmor 302W pine oil is registered with the Office of Pesticide Programs of the U.S. Environmental Protection Agency under EPA 


Registration Number 891-176 


General Sales Specifications 


Hercules Test Methods aro avallable an request 


Specific gravity at 15.6/15.6 °C 0.920-0.930 
Total alcohols, % min 70 | 
Moisture, % max 0.5 
Color, APHA, max 70 
Typical Properties 

Specific gravity at 15.6/15.6 °C 0.923 
Secondary alcohols, % 8 
Tertiary alcohols, % 65 

Total terpene alcohols, % 73 
Monocyclic terpenes, % 27 
Moisture, % 0.35 
Refractive index at 20 °C 1.480 
Color, APHA 25 
Kauri-butanol value > 500 
Flashpoint, TCC, "ЕСС) 130(54) 
Weight/gal, Ibs (kg/l), 60 °F (15.6 °C) 7.67(.92) 


Outstanding Characteristics 


Clear, pale color; piney odor; high solvent activity; excellent wetting, penetrating, and dispersing 
properties; high bactericidal activity when properly formulated; uniform. (continued) 
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Table 6.173: Hercules TERPINEOL (28) Ее 
TERPINEOL 101 
Natural Tertiary Terpene Alcohol . 
TERPINEOL ~ 101 is a natural, high-purity grade of the tertiary terpene alcoho! a/pha-terpineol. 
Derived by fractional distillation of oils extracted from pinewood, it is a water-white, oily liquid at 


normal temperatures with an odor suggestive of lilacs. Its chemical nature, pleasant floral odor, and 
surface-active properties account for its usefulness to the essential-oil industry and to manufacturers of 


disinfectants, household and industrial soaps, detergents, cleaners, and other chemical specialties. 


General Sales Specifications 


Hercules Test Methods are available on request 


Specific gravity at 15.6/15.6 C, min 0.935 
Tertiary alcohols, min, % 94 
Moisture, max, % 0.6 
Color, Hazen (APHA), max 70 
Appearance ЕЕЕМ“ 
(a) Essesentially Free of Foreign Matter 
Typical Properties 
Specific gravity at 15.6/15.6°C 0.9410 
Tertiary alcohols, % 96 
Moisture, % 0.2 
Distillation range, °C (F) 
5% 219 (426) 
95% 220 (428) 
Color, Hazen (APHA) 20 
Flashpoint, COC, °C (F) 90 (194) 
Freezing point, С (Е) <25 (<77) 
Weight/gal, lbs (kg/l) 7.85 (0.94) 


Outstanding Characteristics 


High purity; natural origin; light color; pleasant floral odor; strong masking agent; excellent solvent; 
promotes surface activity; antibacterial activity when properly formulated. 


TERPINEOL 200 
Synthetic Tertiary Terpene Alcohol - 


TERPINEOL ~ 200 is a high-purity grade of the tertiary terpene alcohol alpha-terpineol. Derived 
synthetically by hydrating alpha-pinene, it is a water-white, oily liquid at normal temperatures. Its 
chemical nature, pleasant floral odor, and surface-active properties account for its usefulness to the 
essential-oil industry and to manufacturers of disinfectants, household and industrial soaps, detergents, 
cleaners, and other chemical specialties. 


General Sales Specifications 


Herculcs Test Methods are available on request 


Specific gravity at 15.6/15.6 C, min 0.935 
Tertiary alcohols, %, min 95 
alpha/gamma-Terpineol, %, min 93.5 
Moisture, max, % 0.6 
Color, Hazen (APHA), max 70 
Typical Properties 
Specific gravity at 15.6/15.6'C 0.941 
Tertiary alcohols, % 97 
Moisture, % 0.2 
alpha/gamma-Terpineol, % 96.2 
Distillation range, (С (Е) 
5% 217 (422) 
95% 220 (428) 
Color, Hazen (APHA) 20 
Flashpoint, COC, °С (F) 88 (190) 
Freezing point, °C (F) <25 (<77) 
Weight/gal, lbs (kg/l) 7.85 (0.94) 


Outstanding Characteristics 


High purity; light color; pleasant floral odor; strong masking agent; excellent solvent; promotes surface 


activity; antibacterial activity when properly formulated. 


(continued) 
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тм 

TERPINEOL 318 PRIME 

Mixed Tertiary Terpene Alcohols 
ТЕВРІМЕОІ, 318 Prime is a mixture of isomeric terpineols obtained by dehydration of terpine 
hydrate. It is composed predominantly of alpha-terpineol, with lesser amounts of beta and 
gamma-terpineols. At normal temperatures, Terpineol 318 Prime is a water-white, oily liquid with a 
hyacinth-like odor. Terpineol 318 Prime is used by chemical specialties manufacturers for its odor, and 
by the essential-oils industry to produce perfume ingredients, particularly for soaps. 


General Sales Specifications 
Hercules Test Methods are available on request 


Outstanding Characteristics 


Color, Hazen (APHA), max 70 
Specific gravity, at 15.6/15.6' C, min 0.935 
Moisture, max 96 0.6 
beta/delta-Terpineol, % 8 to 20 
alpha/gamma-Terpineol, % 80 to 90 

. Tertiary alcohols, min, 9^ 98 
Typical Properties 
Color, Hazen (APHA) 30 
Specific gravity at 15.6/15.6°C 0.938 
Moisture, % 0.2 
Freezing point, °C (°F) <-10 (+14) 
Flashpoint, COC, °C (СЕ) 88 (190) 
Weight/gal, lbs (kg/l) 7.8 (0.94) 


High purity; light color; pleasant floral odor; excellent solvent; promotes surface activity; resistant to 


alkalies. 


OTHER DATA 


Table 6.174: Solubility Data for Alcohols (57) 


Cellulose Cellulose 
Acetate Acetate Bakelite* Vinyl 
Butyrate Propionate .... Hesins.... 
> > Ф = Е шы 5 558 ® 
8 о Z Š wt t B 5 Е 5 б 5 с Шева = 
85-4 2 88 3 .95 $ уйт 4 е 8 bs s ? а 35225 2 
sia E E «68 BE ER с 88 5 LOL : ВЕ а 4 8 58885 А 
= ш e за aac ОФ 
Methanol | | | | | 5 | | | 5 5 Р5 55 Р5 | 5 | 610 6.60 
Етћапо! | | | | | 5 | | | 5 5 5 55 5 | 5 | 340 6.76 
Isopropanol | | | | | PS** | | | 55 s** 5 55 5 | 5 | 300 6.55 
п-Ргорапо! | | | | | 5 | | | 55 5$5** S 5 5 i 5 i - - 
n-Buty! alcohol | | | | | 5 | | | 55 6" S 5 5 5 5 | 45 6.75 
Isobutanol | | | | | 5 | | | 55 s** 5 5 5 PS 5 | 80 6.68 
Mixed amy! alcohols | | | | | 5 | | | | 6: 6 5 5 5 5 | - — 
3-Methoxy butanol | | 5 | | 5 | | | 5 5 5 5 5 5 5 | 12 7.68 
Pentanol-3 і | | | | 5 | | | 55 5 5 5 5 5 5 | 54 6.84 
Methyl amyl аісоһо! | | | | | 5** | | ! SW | 51" 5 5 5 5 55 | 33 6.72 
2-Ethylbutanol i | | | | Srs i | ! SW s** S 5 5 5 5 | 8 6.92 
п-Нехапо! | { | | | 5". | | | | s** 5 5 5 5 5 | 5 6.83 
Нертапо!-3 | | | і І 5** | | | SW S** S S S S SS | 6 6.84 
2-Ethylhexanol | | | | | ам | | | | Ste oS S S S S | <1 6.94 
Diisobuty! carbinol | | | | | Р5"" | i | | SW S S S S | | 2 6.75 
Trimethyl! nonyl alcohol | | | | | Ро“ | | | | SW S S S S | | «1 6.83 
Undecanol | | | | | 5$** | | | SW G 5 5 5 5 PS PS <1 6.97 
Тетгадесапо! | | | | | 55. | | | | | 5 5 5 5 | PS <1 6.95 
Heptadecanol | | | | | | | | | | | $ $ $ $ | PS | «X1 7.05 
Trimethyl cyclohexanol | | 55 | | 5 | | | | SG S S S S | SW X1 g21*** 
Tetrahydropyran-2- 
methanol | | 5 | 5 5 5 і 5 5 5 5 5 5 5 5 | 3 — 
2-Mercaptoethanol S s** S S S S SS 5 55 5 5 PSt тт 5 5 5 | 13 9.30 
Pheny! methy! carbinol SW SW | 5 sw 5 5 5 SS | 5 5 5 5 5 5 5 | <1 8.45 
Diacetone alcohol 5 PS 5 5 5 5 | 5 5 5 5 5 5 5 5 PS | 14 7.82 
*UCC trademark. * *0.5 g resin to 9.5 ml solvent. зді 55 С. +Miscible with toluene and xylene, immiscible with Apcothinner. 
Legend: 5 Soluble G Gel 
PS Partly soluble j insoluble 
55 Slightly soluble SW ss Swelling 


5-О Soluble, tendency to gel Imm immiscible 
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Table 6.175: Melting Points of Saturated Monohydric Alcohols (69) 
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CHAIN LENGTH IN CARBONS 


Table 6.176: Rate of Evaporation of Various 


Solvents at Room Temperature (19) 
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Table 6.177: Comparative Evaporation Rates 


of Alcohols (19) 


(Relative Values on 5 cc Samples at 21°C. and 
734.4 mm. Hg) 
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Table 6.178: Vapor Pressure of Alcohols at Table 6.179: Freezing Points (Initial Crystallization) 
Various Temperatures (79) of Aqueous Solution of Alcohols (19) 


VAPOR PRESSURE, 
TEMPERATURE, °F. 
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Table 6.180: Specific Gravity of Aqueous Solution of Alcohols at 20°C (19) 
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Table 6.181: Viscosity of Ethyl Cellulose in Alcohol-Hydrocarbon Mixtures (14) 
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Table 6.182: Evaporation Data for Various Solvents (74) 


Rate of Evaporation 


Active Soivents (Normal Buty! Acetate— 1.00) 

Acetone 7.7 
Methyl Ethyl Ketone 4.6 
Ethyl Acetate (85-90%) 4.6 
Isopropyl Acetate 95% 3.9 
Secondary Buty! Acetate 1.8 
Methyl Isobuty! Ketone 1.6 
Methyl! Isobuty! Ketone (82.5% w)— 

Meth yl isobutyl Carbinol (17.596 w) 1.0 
Normal Buty! Acetate 1.0 
Mesity! Oxide 0.9 
Secondary Amyl Acetate 0.8 
Amyl Acetate (mixed isomers) 0.6 
Methyl Amyl Acetate 0.5 
CELLOSOLVE Acetate 0.2 
Diacetone Alcohol 0.2 
Butyl CELLOSOLVE 0.1 


Latent Solvents 


Ethyl Alcohol (anhydrous) 1.9 
isopropyl Alcohol (anhydrous) 1.7 
Ethyl* Alcohol (190 proof) 1.7 
Normal Butyl Alcohol (5096 v)— 

Anhydrous Ethy!* Alcohol (50% v) 0 
Methyl Isobutyl Carbinol (3096 v)— 

Anhydrous Ethyl* Alcohol (7096 v) 0 
Methyl Isobutyl Carbinol (3096 v)— 

Anhydrous 1sopropy! Alcohol (7096 v) 0. 
Normal Propy! Alcohol 1 
Secondary Butyl Alcohol 1 
Normal Butyl Alcohol 0 
Methy! lsobuty! Carbinol (60% м)-- 


Anhydrous Isopropyl Alcohol (4096 v) 0.5 
Secondary Amyl Alcohol 0.5 
Amyl Alcohol (mixed isomers) 0.3 
Methyl Isobutyl Carbinol 0.3 


*Proprietary grade. 


Diluents 


Toluene | 2.1 
Xylene 0.8 


ETHYLENE GLYCOL 


Glycol 
1, 2-Ethanediol 


Polyhydric Alcohols 


HOCH4CH4OH 


Table 7.1: Physical Properties and Specifications of Ethylene Glycol (32) 


Acidity as acetic acid 
Ash 
Boiling point at 760 mm. Hg 


Coefficient of expansion at 20* C 


Color, APHA 


Density (true) at 20* C 


Dielectric constant, 20* C 
Distillation at 760 mm. Hg 
Њр 
5 ml. 
95 ml. 
Dp 


Electric conductivity at 25° C 


Molecular weight 
Odor 
Pour point 


Refractive index np 25° C 
Np 20“ С 


Specific gravity (apparent), 25/25° C 
20/20° С 


Specific heat at 20° C 
а{ 0° С 


Spontaneous ignition temperature 


Sulfates 

Surface tension at 20° C 

Suspended matter 

Vapor at 20° C (68° Е) 
25% С (77% Е) 


93° C (200° F) 
132.2° C (270° F) 


0.01% by wt., max. 


0.005 g./100 mi., max. 


197.2-197.6“ С 


0.00062/*C 
0.0006375/ "C 


10-15 max. 


1.1134 g./ml. 


38.66 esu 
193* C, min. 
194* C, min. 


200* C, min. 
205-208* C 


1.07 x 10* recip. ohms (mhos) cm. 
Viscosity at 10° C (50° FJ 


62.07 
Mild 
-75° F 


1.4306 
1.4316 


1.1133 
1.1155 


0.561 
0.544 


398.9“ С 
412.8" С 


Not detectable 
48.4 dynes/cm. 
Substantially free 
0.06 mm. Hg 
0.12 mm. Hg 


11.0 mm. Hg 
75.0 тт. НЕ 


Water content 


Weight per gallon at 20° C 


Glycol % 
by Wt. 


100 


90 


359 


Fire point, Cleveland, tag 
ASTM, open cup 


Flash point (open cup) 
ASTM, open cup 


Free energy of formation at 25° C 


Heat of combustion (const. 
pressure) at 20° C 


Heat of dilution (C,H, (OH), x 2 Н,О| 
Heat of formation at 20° C 
Heat of fusion 


Heat of vaporization at 760 mm. Hg 


Inorganic chlorides, as C1 


Iron 
33.6 cp. 
25° C (77° F) 17.4 cp. 
35% С (95% Е) 12.3 cp. 
60° C (140° Б) 5.2 ср. 
0.3% by wt., 
9.28 lb. 


Ethylene Glycol 


% by Flash Point °F 
Vol. Cleveland, Tag 
100 245 
94.7 260 
89.4 270 


250° F 
245° F 


245° F 
240“ Е 


-80.2 kcal./mole 


-283.3 kcal./mole 
0.06 cal./g. 
-108.1 kcal./mole 
44.1 cal./g. 


191 cal./g. 
344 Btu/lb. 


0.1 ppm, max. 


0.15 ppm, max. 


max. 


Fire Point °F 
Cleveland 


250 
270 
280 
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Table 7.2: Boiling Points of Aqueous Ethylene Glycol Solutions (32) 











Glycol, % % by Boiling Glycol, % % by Boiling Glycol, % % by Boiling 
by Wt. Vol. Point ^F by Wt. Vol. Point °F by Wt. Vol. Point °F 
0 0.0 212 70 68. 4 238 90 89.4 279 
10 9.1 214 72 70.5 240 91 90.5 284 
20 18.4 216 74 72.6 243 92 91.5 289 
29 23.4 217 76 74.7 245 93 92.6 294 
30 28.0 218 78 76.8 248 94 93.6 301 
35 32.8 219 80 78.9 252 95 94.7 309 
40 37.8 221 81 79.9 254 96 95.8 319 
45 42.8 223 82 81.0 256 97 96.8 330 
50 47.8 225 83 82.0 258 98 97.9 345 
55 92.9 227 84 83.1 260 99 98.9 363 
60 98.0 230 85 84.1 262 100 100 388 

62 60.1 232 86 85.2 265 
64 62.2 233 87 86. 2 268 
66 64,2 235 88 87.3 271 
68. 66.3 236 89 88.4 275 
Table 7.3: Density of Aqueous Ethylene Glycol Solutions (32) 
Ethylene Glycol Percentage 
By Wt. 0 10 20 30 46 50 60 70 80 90 100 
By Vol. 0 9.1 18.4 28.0 37.8 47.8 58.0 68.4 78.9 89.4 100 
Temp. °F Density in g. /ml. 
-50 1. 110 1.125 1,137 
-40 1.108 1.122 1.134 
-30 1.087 1.105 1.120 1.131 
-20 1.086 1.103 1.117 1.128 1.138 
-10 1.068 1.084 1.100 1.114 1.125 1.135 
0 1.066 1.082 1. 097 1.111 1.12: 1.131 
10 1.048 1.064 1.080 1.095 1.107 1.118 1.128 1.136 
20 1.031 1.147 1.063 1.077 1.092 1.104 1.115 1.124 1.132 
30 1.015 1. 030 1. 045 1.061 1.075 1.089 1.101 1,111 1,121 1. 128 
40 1.000 1.014 1.029 1.044 1.059 1.073 1.086 1.098 1.108 1.117 1.124 
50 1.000 1.013 1.027 1.042 1.056 1.070 1.083 1.094 1.105 1.113 1.120 
60 0.999 1.012 1.026 1.040 1.054 1.067 1.080 1.091 1.101 1.109 1.116 
70 0.998 1.011 1.024 1.038 1.051 1.064 1.076 1.087 1.097 1.105 1.113 
80 0.997 1.009 1.022 1.035 1.049 1.061 1.073 1.084 1.093 1.101 1.109 
90 0.995 1.007 1.020 1.033 1.046 1.058 1.069 1.080 1.088 1.097 1.105 
100 0.993 1.005 1.018 1.030 1.043 1.054 1.066 1.076 1.085 1.094 1.101 
110 0.991 1.003 1.015 1.027 1.039 1.051 1,062 1.072 1.882 1.090 1.097 
120 0.989 1.000 1.012 1.024 1.036 1.047 1.058 1.068 1.078 1.186 1.093 
130 0.986 0.997 1.009 1.021 1.033 1.044 1.055 1.064 1.074 1.082 1.089 
140 0.983 0.994 1.006 1.018 1.029 1.040 1.051 1.060 1.069 1.078 1.085 
150 0.980 0.991 1.003 1.014 1.026 1.036 1.047 1.056 1.065 1.074 1.081 
160 0.977 0.988 0.999 1.011 1.022 1.032 1.043 1.052 1.061 1.069 1.077 
170 0.974 0.985 0.996 1.007 1.018 1.028 1.039 1.048 1.057 1.065 1.073 
180 0.970 0.981 0.992 1.003 1.014 1.024 1.034 1.044 1.053 1.061 1.068 
190 0.967 0.977 0.988 0.999 1.009 1.020 1.030 1.040 1.048 1.057 1.064 
200 0.963 0.974 0.984 0.995 1.006 1.016 1.026 1.035 1.044 1.052 1.060 
210 0.959 0.970 0.980 0.991 1.001 1.011 1.021 1,031 1.040 1.048 1.056 
220 0.995 0.965 0.976 0.987 0.997 1.007 1.017 1.026 1.035 1.044 1.051 
230 0.951 0.961 0.972 0.982 0.992 1.003 1.012 1.022 1.031 1.039 1.047 
240 0.947 0.957 0.967 0.978 0.988 0.998 1.008 1.017 1.026 1.034 1.042 
250 0.942 0.952 0,963 0.973 0.983 0.993 1.003 1.012 1.021 1.030 1.038 
260 0.938 0.948 0.958 0.968 0.978 0.988 0.998 1.008 1.017 1.025 1.033 
270 0.933 0.943 0.953 0.963 0.973 0.983 0.993 1.003 1.012 1.020 1.029 
280 0.928 0.938 0.948 0.958 0.968 0.978 0.988 0.998 1.007 1.016 1.024 
290 0.923 0.933 0.943 0.953 0.963 0.973 0.983 0.993 1.002 1.011 1.019 
300 0.918 0.928 0.938 0.948 0.958 0.968 0.978 0.988 0.977 1.006 1.014 
310 0.913 0.923 0.933 0.943 0.953 0.963 0.973 0.983 0.992 1.001 1.010 
320 0.907 0.917 0.928 0.938 0.948 0.958 0.968 0.977 0.987 0.996 1.005 
330 0.902 0.912 0.922 0.932 0.942 0.952 0.962 0.972 0.982 0.991 1.000 
340 0.896 0.906 0.917 0.927 0.937 0.947 0.957 0.967 0.976 0.985 0.994 
350 0:890 0.900 0.911 0.921 0.931 0.941 0.951 0.961 0.971 0.980 0.989 


Table 7.4: Specific Gravity at 60°F of Aqueous Ethylene 


SPECIFIC GRAVITY, 1/60 °F. 


Glycol Solution vs Composition (79) Glycol Solutions (11) 


rn Ethylene Freezing Ethylene 
Glycol Point Glycol 

s wt. % Vol. % °С. oF №. Ф Vol. 

0 0.0 0.0 32.0 40 37 

2 1.8 -0.6 30.9 42 39 

1.09 4 3.6 -1.3 29.7 44 41 

6 5.4 -2.0 28.4 46 43 

8 7.2 -2.7 27.0 48 45 

"08 10 9.1 -3.5 25.6 50 47 

12 10.9 -4.4 24.0 52 49 

14 12.8 -5.3 22.4 54 51 

1.07 16 14.6 -6.3 20.6 56 53 

18 16.5 -7.3 18.8 58 56 

106 20 18.4 -8 17 80 78 

" 22 20.3 -9 15 82 81 

24 22.2 -11 12 84 83 

26 24.1 -12 10 86 85 

105 28 26.0 -13 8 88 87 

30 28.0 -15 5 90 89 

Los 32 29.9 -17 2 92 91 

| 34 31.9 -18 -1 94 93 

36 33. 8 ~20 -4 96 95 

38 35.8 ~22 -7 98 97 

1.03 100 100 
1.02 
1.01 

4 
1.00% 

0.99 





ETHYLENE GLYCOL, PER CENT BY WEIGHT 
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Table 7.5: Freezing Points of Aqueous Ethylene 


Freezing 
Point 
“С °F 
-24 -11 
-26 -15 
-28 -18 
-31 -23 
-33 -27 
-36 -32 
-38 -37 
-41 ~42 
-44 -48 
-48 -54 
-47 -52 
-43 -46 
-40 -40 
-36 -33 
-33 -27 
-29 -21 
-26 -15 
-23 -9 
-19 -3 
-16 +3 
-13 +9 
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Table 7.6: Specific Heat of Aqueous Ethylene Glycol Solutions (32) 





Ethylene Glycol Percentage 


By Wt. 0 10 20 30 40 50 60 70 80 90 100 
By Vol. 0 9.1 18.4 28.0 37.8 47.8 58.0 68.4 78.9 89.4 100 
Temp. °F Specific Heat in Btu/lb. °F 
60 0. 9996 0.968 0.928 0. 882 0. 835 0.785 0.734 0.687 0.642 0. 599 0. 556 
70 0. 9987 0. 968 0. 930 0.887 0. 841 0. 792 0. 742 0.695 0. 650 0. 606 0. 563 
80 0.9982 0.969 0.933 0. 892 0.847 0. 799 0.750 0.703 0.658 0.613 0.570 
90 0. 9980 0.970 0. 935 0. 896 0. 852 0. 822 0.758 0.711 0.665 0.620 0.575 
100 0.9980 0.971 0.938 0.900 0.858 0.813 0. 766 0.719 0.672 0.627 0.581 
110 0.9982 0.972 0. 940 0.904 0. 863 0. 819 0.773 0.727 0.680 0.634 0. 588 
120 0. 9985 0. 973 0. 942 0.907 0. 868 0.825 0.780 0.734 0. 687 0.640 0.594 
130 0.9989 0.974 0.944 0.910 0.872 0.851 0.787 0.740 0. 694 0.647 0. 600 
140 0.9994 0.975 0.947 0.914 0.877 0.837 0.794 0.747 0. 700 0.653 0. 606 
150 1.0001 0.977 0.949 0.917 0.881 0.842 0. 800 0.753 0.707 0.659 0.612 
160 1.0008 0.978 0.951 0.921 0. 886 0. 847 0. 805 0.759 0.713 0,666 0.619 
170 1.0017 0. 980 0.954 0.924 0. 890 0.852 0.810 0.765 0.720 0.673 0.625 
180 1.0027 0.981 0.956 0.927 0. 894 0. 857 0.816 0.771 0.726 0.679 0.631 
190 1.0039 0. 983 0.959 0.931 0. 898 0.861 0.821 0.777 0.733 0.686 0.637 
200 1.0052 0.985 0.961 0.934 0. 902 0. 866 0. 826 0.783 0.739 0.692 0. 644 
210 1.0067 0. 987 0. 964 0. 937 0. 905 0.870 0. 831 0.789 0.745 0.698 0.650 
220 1.008 0. 989 0. 966 0.940 0.909 0.875 0. 836 0.794 0.750 0.704 0. 656 
230 1.010 0.992 0.969 0.943 0.913 0.879 0.841 0.799 0.756 0.710 0.662 
240 1.013 0. 994 0. 972 0. 947 0. 917 0. 884 0. 846 0. 805 0.762 0.716 0.668 
250 1.015 0. 997 0. 976 0. 951 0. 922 0. 889 0.852 0.811 0.768 0.723 0.675 
260 1.018 1.000 0. 979 0.954 0. 926 0. 893 0. 857 0.817 0.774 0.729 0.681 
270 1.021 1.003 0.983 0.958 0.930. 0. 898 0. 862 0. 822 0.780 0. 735 0.687 
280 1.024 1. 006 0. 986 0. 962 0. 935 0. 903 0. 867 0. 828 0. 786 0.741 0.693 
290 1.027 1.010 0.990 0. 966 0.939 0.908 0.873 0. 834 0. 792 0. 747 0. 700 
300 1. 030 1.014 0.994 0.970 0. 943 0. 913 0.878 0. 840 0.798 0.754 0.706 
310 1.034 1.018 0.998 0.975 0. 948 0. 918 0. 883 0.845 0.804 0.760 0.712 
320 1.039 1. 023 1.003 0. 980 0. 953 0. 923 0. 889 0.851 0.810 0.766 0.718 
330 1.044 1.028 1.008 0. 985 0.958 0. 928 0. 894 0. 857 0. 816 0. 772 0. 724 
340 1.050 1. 033 1.013 0. 990 0. 963 0.933 0. 900 0. 863 0.822 0.778 0.731 
350 1, 056 1. 038 1.018 0. 995 0. 968 0. 939 0. 906 0. 869 0. 828 0.784 0. 737 


TEMPERATURE, DEGREES FAHRENHEIT 


Table 7.7: Vapor-Liquid Composition Curves for 


Aqueous Ethylene Glycol Solutions (23) 


LIQUID 
300 mm Hg. 


LIQUID 


ЮО тт Нд. 


0.6 0.7 
MOLE FRACTION ETHYLENE GLYCOL 


08 





09 
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Table 7.8: Vapor Pressure of Aqueous Ethylene 
Glvcol Solutions (1 1) 


Ethylene Glycol Percentage 


By Wt. 70 75 80 85 90 95 97 100 
By Vol. 68.4 73.6 78.9 84.1 89.4 94.7 96.8 100 
i ат 

Temp. °F Absolute Pressure in psi 
150 2.2 2.0 1.7 1.4 1.1 0.6 0.4 0.04 
160 2.9 2.6 2.2 1.8 1.4 0.8 „ 5. . 06 
170 3.6 3.2 2.8 2.3 1.7 1.0 „7 ‚08 
180 4.5 4.1 3.5 2.9 2.2 1.3 . 8 .12 
190 5.6 5.1 4.4 3.6 2.7 1.6 1,0 16 
200 7.0 6.3 5.5 4.5 3.4 2.0 1.3 0.2 
210 8.5 7.7 6.7 5.5 4.1 2.4 1.6 „3 
220 10.4 9.4 8.2 6.7 5.0 3.0 2.0 .4 
230 12.6 11.4 9.9 8.2 6.1 3.6 2.5 .5 
240 15.2 13.7 11.9 9.9 7.4 4.4 3.0 #1 
250 18.1 16.4 14.3 11.8 8.9 5.3 3.7 0.9 
260 21.6 19.5 17.0 14.1 10.6 6.4 4.4 1.1 
270 25.5 23.0 20.1 16.7 12.6 7.6 5,3 1.4 
280 30.1 27.1 23.7 19.7 14.9 9.1 6.4 1.8 
290 35.2 31.8 27.9 23.2 17.6 10.8 7.6 2.3 
300 41.1 37.1 32.5 27.1 20.6 12.7 9.0 2.8 
310 47.7 43.1 37.8 31.5 24.0 14.9 10.6 3.5 
320 55.2 49.9 43.8 36.6 27.9 17.4: 12.5 4.3 
330 63.5 57.5 50.5 42.2 32.3 20.2 14.6 5.2 
340 12.9 66.0 58.0 48.5 37.2 23.5 17.1 6.3 
350 83.3 75.5 66.4 55.6 42.7 27.1 19.8 7.6 
i LL нот 


KINEMATIC VISCOSITY, CENTISTOKES 


Table 7.9: Viscosity of Aqueous Ethylene 
Glycol Solutions (79) 
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Table 7.10: Relative Humectant Values of Aqueous Solutions of Ethylene Glycol (77) 


| 
||| | 
Ш 
ІРР ІРА 


Relative Humidity, % 





Ethylene Glycol, Weight % 


Table 7.11: Water Vapor Dew Points Over Aqueous Ethylene Glycol Solutions (23) 
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Table 7.12: Key Hygroscopicity Curve for 


Ethylene Giyco! (55) 


Тасов бет 50° imtieated 7 @ 
татмва for 70°F indicates Әу x 
values for 90°F indicated зу о 





parts water absorbed/100 parts glycol for equilibrium 


grains Ноле atm (abs hum) 





v.p. H4O at test temp 


Key hygroscopicity curve for ethyl- 
ene glycol showing influence of vapor pressure 
of water at test temperature on amounts of 
moisture absorbed by ethylene glycol for sys- 
tem equilibrium at various temperatures and 
various absolute humidities. 


parts water absorbed/100 parts 
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Table 7.13: Moisture Absorption of Ethylene 


Glycol at Various Relative 
Humidities (55) 


glycol for equilibrium 





% relative humidity 


The effect of temperature on the 
moisture absorption of ethylene glycol for sys- 
tem equilibrium at various relative humidities, 
Values plotted were calculated from those of the 
key hygroscopicity curve for ethylene glycol. 


Table 7.14: Moisture Absorption of Ethylene Glycol at Various Absolute Humidities (55) 


parts H20 absorbed by 100 parts 


glycol for equilibrium 





grains H40/tt? atm (abs hum) 


The effect of temperature on the 
moisture absorption of ethylene glycol for sys- 
tem equilibrium at various absolute humidities. 
Values used were calculated from those in key 
hydroscopicity curve for ethylene glycol. 


parts H43O absorbed by 100 parts solvent for equilibrium 


Mo 


120 





1 é 


grains нои atm (abs hum) 


The effect of temperature on the 


moisture absorption of ethylene glycol for sys- 
tem equilibrium of various absolute humidities, 
Values plotted were from experimentally ob- 
tained data. 


366 Industrial Solvents Handbook 


Glycol Solutions (32) 


Kinematic Viscosity, Log Centistokes 


-40 -30 -20 -0 
Temperature, 


Components 

Specific 

Compound eee 

20/20° С 
Ethylene Glycol 1.1155 
Butyl Carbitol 0.9536 
Ethylene Glycol 1.1155 
Dibutyl Ether 0.7694 
Ethylene Glycol 1.1155 
Dichlorethyl Ether 1.2220 
Ethylene Glycol 1.1155 
‘Diethyl Carbitol 0.9082 
Ethylene Glycol 1.1155 
Di(2-ethylhexyl) Ether) 0.8121 
Ethylene Glycol 1.1155 
Di-N-hexyl Ether 0.7942 
Ethylene Glycol 1.1158 

Diphenyl Ether 1. 06778 
Ethylene Glycol 1. 1155 

Diphenyl Ether 1.0677% 


© 





+10 


Table 7.15: Kinematic Viscosity of Anhydrous 
Ethylene Glycol and Trimethylene 


+20 


Table 7.17: Azeotropes of Ethylene Glycol (79) 


Boiling 
Point, 
*C at 

760 mm. 


197.5 
230.6 


197.5 
142.1 


1231 
961 


197.5 
188.4 


911 
135ј 


1231 
1371 


1231 
1611 


197.5 
257.4 


Boiling 


Point, 
°C at 


760 тт. 


196.2 


139.5 


92.71 


178.0 


871 


112. 81 


120. 41 


192.3 


Table 7.16: Freezing Points of Anhydrous 


ы о 
Freezing Point, C 


Ethylene Glycol and Trimethylene 
Glycol Solutions (32) 





јо и А рио 


Агео горе 
Composition, % by wt. Relative So, Gr. 
Volume 20/20% С 
Іп Іп ІП 
Azeo- Upper Lower of Layers of Azeotrope 


trope Layer Layer 


at 20° C or Layers 


72.5 | 1.074 
27.5 
6.4 2 99 U95 U 0.777 
93.6 98 1 L 5 L 1.114 

U 9.9 

L 90.1 
26.1 0. 959 
13.9 

U 50 

1,50 
35.6 0.1 99.9 071.8 U 0.795 
64.4 99.9 0.1 L28.2 1,1.115 
62.3 0.2 98.5 U 37.6 U 1. 076 
37.7 99.8 1.5 1,62.4 1.1.114 
64.5 0.22 98.28 035.3 U 1. 068# 
35.5 99.78 1.72 1,64.те L 1.1084 


(continued) 


Table 7.17: (continued) 














Components 
Specific Boiling Boiling 
бошадинй Сгауцу Point, Point, 
АРЗАН at °C at °C at 
20/20° С 760 mm. | 760 mm. 
Ethylene Glycol 1.1155 197.5 192 
Exthoxydiglycol 0. 9898 208.8 
Ethylene Glycol 1.1155 123f 114 
Methyl Carbitol 1.0211 1151 
Ethylene Glycol 1.1155 157. 14 149% 
Methyl Carbitol 1.0211 151.24 
Ethylene Glycol 1.1155 191.5 192 


Methyl Carbitol 1.0211 





TAt 50 mm. Hg 

fAt 10 mm. Hg 
Heterogeneous at 20° C 

#At 30/20° C 

ФА: 30” С 

AAt 200 mm. Hg 


PROPYLENE GLYCOL 
1, 2- Propanediol 


Table 7.18: Physical Properties of Propylene Glycol (32) 


Boiling point at 10 mm. Hg 
50 mm. Hg 
760 mm. Hg 


ABoiling point/Apressure 


Coefficient of expansion to 20° C 
to 55^ C 


Evaporation rate (n-butyl acetate—1.0) 
Fire point, ASTM open cup 

Flash point, Cleveland open cup 
Freezing point 


Heat of combustion at 25? C 
Heat of vaporization at boiling point at 1 atm. 


Ignition temperature 

Molecular weight, ealculated 

Pour point 

Refractive index, np 20° C 

Specific heat at 20° C 

Specific gravity, 20/20° C ~ 

A Specific gravity/Atemperature, 0 to 40° C 
Vapor density (air—1.0) 

Vapor pressure at 20° C 


Viscosity at 0° С 
20 С 
40° С 
Weight per gallon at 25° C 


_Polyhydric Alcohols 


Azeotrope 
d = 

Composition, % by wt. m m 

Ín In In Voiume 20/20% С 
Azco- Upper Lower of Layers of Azcotrope 
trope Layer Layer at 20° C or Layers 
54.5 1.050 

96 1,025 

вв 1.033 

Т 1.051 


СНЗСНОНСВ ОН 


85° С 

116° С 

187.4° C 

0.042° C/mm.Hg 


0.695 x 1073 
0.743 x 1073 


0.01 
225° F 
210° F 


-60 (sets to glass below 
this temperature) 


5728 cal./g. 
10,312 Btu/lb. 


168.9 eal./g. 
304 Btu/lb. 


421“ С 

76.094 

-59.5° С 

1.4326 

0.593 cal./g./°C 
1.0381 
0.00073/°C 

2.52 


0.05 mm. Hg 
0.08 mm. Hg 


243 cp. 
56 ср. 
18 ср. 


8.64 1Ь. 
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Table 7.19: Propylene Glycol Specifications (79) 





Air-Treatment 


Standard Grade U.S.P. Grade с Special Grade 
rade 
Specific gravity at 20/20° C 1.0370 to 1.0390 1.0375 ко 1.0400 1.0375 to 1.0400 1.0380 to 1.0390 
Distillation at 760 mm. Hg Lbp, 185* C, max. 1 1 1 
95 ml. 109° C, max. 
Dp, 194° C, max. 

Propylene glycol, min. - | 97.595 by wt. 97.5% by wt. 99.0% by wt. 
Acidity, max. 0.00595 by wt.? 0.005% by wt.5 0.005% by wt.? 0.005% by wt. # 
Refractive Index at 20° С, пр - - s 1. 4316 ќо 1. 4335 - 
Solubility — е 4 — 
Chlorides, max. (as Cl) 0.001% by wt. 0.00195 by wt. 0. 001% Бу wt. 0.001% by wt. 
Oxidizing substances - - - попе 
Carbonyl groups ~ -- - | shall pass test 
Sulfates - попе - - 
Heavy metals, max. (as Pb) - 5 ppm - - 
Lead, max. (as Pb) - - - 0,0003% by wt. ** 
Arsenic, max. (As203) - l ppm - 0.001% by wt. tt 
Water, max. 0.5% by wt. 0.2% by wt. 0.5% by wt. - 
Ash, max. 0.005% by wt. 0.00595 by wt. 0.007% by wt. - 
Color, max, (Pt-Co Scale) 10 10 15 15 
Odor - mild - mild 
Suspended matter substantially free substantially free substantially free substantially free 


tShall entirely distill within a 5 C range which shall include 187. 3° c. 
{Shall entirely distill within a 5° C range, and 90 ml. shall distill within a 2. 2“ С range. 
§Calculated as acetic acid. This is equivalent to 0.047 mg. KOH per g. sample. 
#Calculated as hydrochloric acid. This is equivalent to 0.077 mg. KOH per g. sample. 
@Miscible in all proportions with water, acetone, and chlorform at 25° C. 
«Completely miscible in all proportions with water at 20° C. 
**This is equivalent to 3 ppm. 
ttThis is equivalent to 10 ppm. 


Table 7.20: Boiling Points of Aqueous Propylene Glycol Solutions (79) 


TEMPERATURE, °C 


BOILING-POINT CURVE 


ы ы P AME AE 
EE 
ы. 121-24-17 
о (о 20 m= 49 50 80 то во 90 100 
PROPYLENE GLYCOL, PER CENT BY WEIGHT 
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Table 7.21: Conversion Chart for Aqueous Propylene Glycol Solutions (23) 


102419 НОЦОУНА ЗПОЙ 
е © о + m 
ec o 





HENA 
ү 


702419 1832834 JAMOA 





PTET TTT NY. 


WEIGHT PERCENT GLYCOL 


Table 7.22: Density of Aqueous Propylene Glycol Solutions (Percent by Weight) (23) 
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Table 7.23: Effect of Aqueous Propylene Glycol Solutions on Dew Points at Various 
Contact Temperatures (19) 
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Table 7.24: Freezing Points of Aqueous Propylene Glycol Solutions (2) 






o - e + 


(111) Theoretical, with complete hydration. 


(M) Theoretical, without hydration; 


Фе 
79 
Ф 
> 
ь. 
Ф 
м 
О 
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а 3 ' в 
79. 1М104 омаззна 


% PROPYLENE GLYCOL (1,2) BY WT. 
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Table 7.25: Heat of Vaporization of Propylene Glycol at Various Temperatures (79) 


HEAT OF VAPORIZATION, со!./9. 


200 


195 


190 


185 


180 


175 


TEMPERATURE , °С 





Table 7.26: Refractive Indices of Aqueous Propanediol Solutions at 20°, 30°, and 40°C (32) 


1, 2-Propanediol | 1, 3-Propanediol 


Glycol, 
% 


fu uà m m m nh ей ей ред на 


пі? 


‚3435 
‚3552 
„3670 
. 3780 
. 3887 
. 3995 
. 4082 
. 4174 
. 4252 
. 4324 


——P— m 
. 


пі? 


. 3422 


. 3650 
. 3758 
. 3863 
. 3970 
. 4055 
. 4144 
. 4221 
. 4295 


1.3411 
1.3522 
1.3630 
1.3732 
1.3833 
1. 3940 
1. 4028 
1. 4111 
1. 4190 
1.4255 


Glycol, 
% 


10.98 
19.96 
30.21 
40.34 
49.94 
60. 32 
70.24 
79.87 
89.68 
100 


. 3433 
. 3540 
. 3654 
. 3770 
.3880 
.3997 
4103 
. 4205 
. 4300 
. 4389 


1.3430 
1.3528 
1.3640 
1.3755 
1.3861 
1.3975 
1. 4080 
1. 4183 
1, 4276 
1.4364 


пі? 


1.3410 
1.3511 
1.3623 
1.3735 
1.3839 
1.3951 
1. 4065 
1. 4155 
1. 4250 
1.4332 
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Table 7.27: Relative Humectant Values of Propylene Glycol, N.F. (23) 


values are given as the per cent by weight of glycol in water 
solutions that will be in equilibrium with air of 
various temperatures and humidities 





RELATIVE HUMIDITIES 


Temperature 
of Air 20% 30% 40% 50% 60% 70% 80% 90% 
а 
0° F 93.0 880 78.0 73.7 70.0 62.5 45.0 
10° F 935 875 180 73.7 70.5 63.0 46.0 30.0 
20° F 930 875 78.5 737 71.0 63.0 47.0 30.0 
30° F 92.7 88.0 79.5 740 710 62.0 48.0 30.0 
40* F 93.0 895 81.0 76.0 71.5 64.0 50.0 30.0 
50° F 935 90.5 83.0 77.5 72.0 66.0 51.0 31.0 
60° F 93.7 90.8 84.0 78.0 72.0 66.0 52.0 32.0 
70° F 94.0 91.0 85.0 78.5 73.0 66.5 52.5 33.0 
80° F 943 91.2 85.0 79.0 73.0 66.0 52.5 34.0 
90° F 944 912 85.5 795 73.5 67.0 53.0 35.0 
100° F 944 91.25 85.8 80.5 74.0 67.0 53.0 35.0 
110° F 944 91.26 86.0 81.0 75.0 67.5 53.0 33.0 
120° F 944 9127 86.5 813 75.0 68.0 54.0 33.0 





Table 7.28: Specific Gravity of Aqueous Propylene Glycol Solutions at Various Temperatures (79) 
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Table 7.29: Specific Heat of Aqueous Propylene Table 7.30: Thermal Conductivity of Aqueous 
Glycol Solutions (19) Propylene Glycol Solutions at 
Varlous Temperatures (79) 
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Table 7.31: Total Pressure over Aqueous Table 7.32: Vapor-Liquid Composition Curves for 
Propylene Glycol Solutions Aqueous Propylene Glycol Solutions (23) 


Versus Temperatures (23) 
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Table 7.33: Vapor Pressures of Aqueous Propylene Table 7.34: Viscosities of Aqueous 
Glycol Solutions (79) Propylene Glycol 
Solutions (23) 
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Table 7.35: Azeotropes of Propylene Glycol (79) 


Components Azeotrope 
Specific Boiling Boiling Relative Specific 
Gravity Point, *C Point, *C Volume Gravity 
Compound at at at of Layers | а! 
20/20" С 760 mm. Hg 760 mm. Hg. at 20° C 20/20° C 
Propylene glycol 1.0381 187.4 136 Upper layer 93 
dibutyl ether 0.7694 142.1 Lower layer 7? 
Propylene glycol 1. 0381 85f 841 
di-(2-ethylhexy) ether 0. 8121 135f 
Propylene glycol 1. 0381 187.4 108 . Upper layer 98 
toluene 0. 8683 110.6 Lower layer 2 


fAt 10 mm. Hg. 
fHeterogeneous at 20* C. 


1,3-PROPANEDIOL 


Trimethylene Glycol! 
1, 3- Dihydroxypropane 
Beta- Propylene Glycol 


Table 7.36: Physical Properties of 1,3-Propanediol (32) 


Boiling point at 760 mm. Hg 


Freezing points of aqueous solutions, °C 
10% 
20% 
30% 
40% 
50% 
60% 


Molecular weight 


Refractive indices of aqueous solutions 
at 20, 30, and 40° C 
11.0% 
20.0% 
30.2% 
40.3% 
50.0% 


100.0% 


Specific gravity at 20/20° C 


Thermal expansion of aqueous solutions 
between 20 and 40° C (@ x 103) 
20% 
40% 
60% 
80% 
100% 


Isothermal contraction in volume on mixing 
with water between 20 and 40° C 
(ml. contraction per 100 ml. of 
initial volume) 
20% 


40% 
60% 
80% 


СН ОНСС ОН 


214" С (210-211" С) 


-2.86 
-6.5 

-11.8 
-18.8 
-21.1 
-40.0 


78.1 


20 
по 


1.3433 
1.3540 
1.3654 
1.3770 
1.3880 
1.3997 
1.4103 
1.4205 
1.4300 
1.4389 


1.0554 
1.0625 
0.9028 


30 


1.3430 
1.3528 
1.3640 
1.3755 
1.3861 
1.3975 
1.4080 
1.4183 
1.4276 
1.4364 


40“ С 


0.29 
0.81 
1.07 
0.89 


Ng 


кюе ье к= е уа = et 


40 


.3410 
.3511 
.3623 
.3735 
„3839 
.3951 
.4065 
„4199 
.4250 
.4332 


Table 7.37: Freezing Points of Aqueous Solutions of 1,3~Propanediol (32) 


FREEZING POINT, °C 


70 
0 19 20 30 40 50 


% PROPYLENE GLYCOL (1,3) BY WT. 





Freezing Points of Propylene 
Glycol (1,3)-Water Mixtures. (1) Observed; 


(II) Theoretical, without hydration; 


Theoretical, with complete hydration. 


(Ш) 
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Table 7.38: Specific Gravity of Aqueous Solutions of 1,3-Propanediol at 20° and 40°C (32) 


1,2-BUTANEDIOL 


Table 7.39: Physical Properties of 1,2-Butanediol (32) 


Freezing pointa of aqueous solutions, °C 
1 


Refractive indices of aqueous solutions 
at 20, 30, and 40° C 
10.13% 
19.69% 
29.72% 
39.79% 
49.68% 
59.88% 
69.37% 
79.73% 
69.40% 
100.0% 


Viscosity of aqueous solutions at 
20 and 40° C, in centistokes 

10.125% 

19.7% 

29.7% 

39.8% 

49.7% 

59.9% 

36.4% 

79.7% 

89.4% 

100.0% 


SPECHIC GRAVITY 


1.083 


1043 


1038 


1.008 


0.098 





* 1,3 - PROPANEDIOL 


1.3436 
1.3553 
1.3672 
1.3788 
1.3892 
1.4000 
1.4090 
1.4185 
1.4265 
1.4347 


40* C 


0.910 
1.243 
1.690 
2.311 
3.088 
4.221 
5.744 
8.372 
12.69 
21.25 


4 
По 


1.3420 
1.3534 
1.3650 
1.3760 
1.3865 
1.3966 
1.4058 
1.4165 
1.4230 
1.4310 


Thermal expansion of aqueous solutions 
between 20 and 40“ С (а х 10?) 


Isothermal concentration in volume on mixing 
with water between 20 and 40° 


20% 
40% 
60% 
80% 
100% 


с 


(ml. contraction per 100 ml. of 


initial volume) 


0.454 
0.664 
0.126 
0.765 
0.775 


20“ С 


км = ә уз 
. е . е 
8885 


1.01 
1.67 
1.65 
1.10 
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Table 7.40: Specific Gravity of Aqueous Table 7.41: Absolute Viscosity of Aqueous 
1,2-Butanedio! Solutions 1,2-Butanediol! Solutions 
at 20? and 40?C (32) at 20? and 40?C (32) 





> 3 
: 
: Е 
- 1.003 $ 1.000 
+ 8 
5 : 
0.998 E 0.800 
3 
5 
0.969 с 22 жа ба m «во 0.200 
% 1.2- SUTAMEDIOL 
1.600 
% 1,8 - OUTANEOIOL 
1,3-BUTANEDIOL 
1, 3-Butylene Glycol CH3CH(OH)CH2CH2OH 
Table 7.42: Physical Properties of 1,3-Butanediol (32) 
Acid as acetic 0.005% by wt., max, Refractive index at 20° C/D 1.4401 
Boiling point 207.5“ С Solubility (% by weight) 
in castor oil 18% 
Color, APHA 15, max. in ether 7% 
either in 9% 
Distillation range 200-215° C in ethyl acetate 32% 
ethyl acetate in 41% 
Flash point, tag open cup 250° F in dibutyl phthalate 2% 
Freezing point Below -50°C Specific gravity at 20/20° C 1.0062 
Heat of vaporization 155 cal./g. Surface tension at 25° C 37.8 дупев/ст. 
Hygroscopicity, weight $ water absorbed in Vapor pressure at 20* C 0.06 mm. Hg 
144 hours at: 
25-28" C and 81% relative humidity 38.5 Viscosity at 25°C 104 cp. 
25-28* C and 47% relative humidity 12.5 at 35°C 89 cp. 
25-28 C and 20% relative humidity 4.3 
Water 0.5% by wt., max. 
Molecular weight, calculated 90.12 
Weight per gallon at 20° C 8.38 lb. 


Purity 95% by wt., min. 
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Table 7.43: Freezing Point of Aqueous 


Table 7.44: Refractive Index and Freezing Point 


Solutions of 1,3-Butanediol (32) 


“Fr 


TEMPERATURE, 
a 


*^ 3-BUTANEDIOL BY WEIGHT 


Table 7.45: Specific Gravity of Aqueous 1,3- 





Butanedlol solutions at 20° and 


40°C (32) 


ВРССРО өйдетт 


% 1,3 ~ BUTANEO!OL 





of Aqueous Solutions of 1,3- 


Butanediol (32) 


Content of • Freezing Point 
1,3-Butanediol, Б С 5 
% by Weight "C °F 
19.4 1.3561 -4 +25 
39.4 - 1.3806 -15.5 +4 
49.3 1.3922 -25 -13 
58.5 1.4032 -37 -35 
64.5 1.4093 -42 -44 
69.0 1.4138 -51 -60 
79.5 1.4237 Viscous 
89.0 1.4319 liquid 
Table 7.46: Viscosity of Aqueous Solutions 
of 1,3-Butanedlol (32) 
Content of Viscosity, centipoises 
1,3-Butanediol, 
% by Weight 25.0° C -171° + С -37 2 17 С 
19.4 2.1 
39.4 4.7 
49.3 6.7 95 
58.5 10.2 172 
69.0 16.7 304 
79.5 27.7 620 7,000 
89.0 50.8 1,360 18,500 
100.0 98.3 3,150 


А . $ 35,000 


Table 7.47: Absolute Viscosity of Aqueous 1,3-Butanediol Solutions at 20° and 40°C 


упзосшту, (05  CERTIPOISE 


% 1,3 - OUTABEBIOL 





(32) 


1,4-BUTANEDIOL 


Tetramethylene Glycol 


Table 7.48: Physical Properties of 1,4-Butanediol (32) 


Acetals (as CH, O) 
Acidity (as HCO, H) 


Ash 


Boiling range 


1-Butanol 


Flash point (ASTM open cup) 
Free aldehyde as CH;O 
Freezing point range 


Purity 


Refractive index, n° 
Specific gravity, d, 
Unsaturation (as butendiol) 
Viscosity, 25° C 

Water content 


Boiling point at 10 mm. Hg 


Less than 0.8% 
Less than 1% 
0% 

221-231 С 
Less than 0.5% 
More than 250° F 
Less than 0.1% 
18~19.5 С 
Оуег 96% 
1,4435-1.4445 
1.012-1.016 
Less than 1% 
65-70 cp. 

Less than 0.8% 


Pure 1,4-Butanediol 


118° С 
20 тт. НЕ 133° С 
100 mm. Hg 170° С 
200 mm. Hg 187“ С 
760 mm. Hg 228° C 


Table 7.49: Absolute Viscosity of Aqueous 


1,4-Butanediol Solutions at 
20° and 40°C (32) 
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, 1,4-Butanediol 
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HOCH,CH,CH,CH,OH 
272 22 
Freezing point 20.9°C 
Refractive index, n? 1.4446 
Solubility at 25* C (g./100 ml. solvent) 
in water Infinite 
in methanol Infinite 
in ethanol Infinite 
in acetone Infinite 
benzene 0.3 
carbon tetrachloride 0.4 
chlorobenzene 0.4 
ethyl acetate 14.1 
ethyl ether 3.1 
petroleum ether (35-60° C) 0.9 
Specific gravity, d, 1.0154 
% Water in Freezing Point Viscosity 
1,4-Butanediol (^C) (cp. at 25? C) 
0.0 20.0 11.5 
0.1 19.8 71.3 
0.5 19.0 70.2 
1.0 18.1 68.9 


Table 7.50: Specific Gravity of Aqueous 
1,4-Butanediol Solutions at 
20° and 40°C (32) 


1.030 
1.080 


1.010 


Specific Gravity 


0.990 





% 1,4-Butanedio! 
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2,3- BUTANEDIOL 


2,3-Butylene Glycol 
2,3- Dihydroxybutane 


Table 7.51: Physical Properties of 2,3-Butanediol (32) 


Acidity as acetic 
Boiling point at 760 mm. Hg 
Color, APHA 
Density of liquid 
Distillation range 
Flash point, tag open cup 
Freezing point 
Hygroscopicity (% water pickup-400 hrs.) 
25° C and 50% rel. hum. 
25" С and 75% rel. hum. 
Molecular weight 
Purity 
Refractive index, ng’ 
Solubility (1% by weight) 
in castor oil 
in ether 
ether in 
in ethyl acetate 
ethyl acetate in 
in dibutyl phthalate 
Specific gravity at 20/20* C 
Specific heat at 30° C 
Specific tension at 25° C 


Vapor pressure at 20° C 


Viscosity at 25° C 
а! 35“ С 


Water content 


Weight per gallon 


CH4CH(OH)- CH(OH)CH4 


0.005% by wt., max. 

182.5* C 

15 max. 

1.048 

175-195" С 

185“ Е 

19° C (5% water lowers F. P. 
to +10° С) 

24 

33 

90.12 

95% by wt., min. 


1.4377 


1,0093 

0.60 cal./g. 
36 dynes/cm. 
17 mm, Hg 


121 cp. 
90 ep. 


0.5% by wt., max. 
8.41 lb. 


Table 7.52: Boiling Points of Aqueous levo-2,3-Butanediol Solutions at Atmospheric Pressure (32) 


Во ад poiat, °C. 





% levo-2,3-Butanediol 
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Table 7.53: Boiling Points of Aqueous levo-2,3- Table 7.54: Boiling Points of Aqueous 
Butanediol-Ethanol Solutions (32) levo-2,3-Butanediol- 
Methanol Solutions (32) 


BOILING POINT, *C 
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Table 7.55: Freezing Points of Aqueous levo-2,3-Butanediol Solutions (32) 


Freezing point, “С. 
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Table 7.56: Freezing Points of Aqueous meso-dextro-2,3-Butanediol Solutions (32) 
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% meso-dextro-2,3-Butanediol 





Table 7.57: Effect of meso-2,3-Butanediol on the Freezing Point of Aqueous levo-2,3-Butanediol 
Solutions (32) 


Composition of Diol 40% Water 60% Water 
100% levo -40.49 С -19.4° С 
95% levo -37.0 -21.0 
5% meso 

90% levo -28.2 -21.0 
10% meso 

85% levo -18.6 -17.2 
15% meso | 

80% levo -14.0 -12.4 
20% meso 

50% levo +1.55 +1,55 


50% тево 
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Table 7.58: Freezing Points of Aqueous Table 7.59: Freezing Points of Aqueous 
levo-2,3-Butanediol-Ethanol levo-2,3-Butanediol-Ethylene 
Solutions (32) Glycol Solutions (32) 





Table 7.60: Freezing Polnts of Aqueous Table 7.61: Freezing Points of Aqueous 


levo-2,3-Butanedlol- levo-2,3-Butanediol- 
Methanol Solutlons (32) Tetrahydrofurfuryl Alcohol 


Solutions (32) 





«о — («9 
% £2,3-BUTANEDIOL ------- % deswwe 
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Table 7.62: Kinematic Viscosity of Aqueous |еуо- 
2,3-Butanediol Solutions, Expressed 
Logarithmically, as a Function of 
Concentration and Temperature (32) 
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Table 7.64: Kinematic Viscosity of 60% levo-2,3- 
Butanedio!, Glycerol and Ethylene 


Glycol Solutions at Low Temperatures (32) 
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Table 7.63: Kinematic Viscosity of Aqueous levo- 


2,3-Butanediol Solutions in Relation 
to Concentration and Temperature (32) 


О 
___|| | |] | 











Table 7.65: Kinematic Viscosity of Aqueous 


levo-2,3-Butanediol-Ethanol 
Solutions at 20°C, Expressed 
in Centistokes (32) 


ХА 
27% 

AA NDS 
ZAVA 





коло о О о 0 © , O 9 





% {-2. 3чААМЕСКА. 


Polyhydric Alcohols | 385 


Table 7.66: Kinematic Viscosity of Aqueous levo- Table 7.67: Kinematic Viscosity of Aqueous levo- 
2,3-Butanediol-Methanol Solutions at 2,3-Butanediol-Ethylene Glycol 
20°C, Expressed in Centistokes (32) Solutions in 20°C, Expressed in 


Centistokes (32) 





Table 7.68: Kinematic Viscosity of Aqueous levo- Table 7.69: Absolute Viscosity of Aqueous 
2,3-Butanediol-Tetrahydrofurfuryl Solutions of Ethylene Glycol, 
Aicohol Solutions at 20°C, Expressed levo-2,3-Butanediol, meso-dextro- 
in Centistokes (32) 2,3-Butanediol and Glycerol at 
20?C (32) 
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Viscosity at 20°C., log centipoise 
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Table 7.70: Optical Rotatory Power of Aqueous 


OPTICAL ROTATORY POWER (1 DM) IN DEGREES, AT 20* C. 


levo-2,3-Butanedio! Solutions 


at 20°C (32) 





% levo 2,3 BUTANEDIOL 


Table 7.72: Refractive Indices of Aqueous levo- 


2,3-Butanediol Solutions at 
Different Temperatures (32) 


Temperature, °C 








Diol, % 
20 25 30 35 

0 1.3330 1,3325 1.3319 1.3312 
10.0 1.3450 1.3445 1.3437 1.3429 
19.9 1.3574 1.3566 1.3557 1.3549 
29.9 1.3700 1.3689 1.3677 1.3666 
39.9 1.3820 1.3807 1.3793 1.3779 
49.9 1.3930 1.3915 1.3900 1,3885 
59.6 1.4027 1.4012 1.3997 1.3982 
70.0 1.4115 1.4098 1.4082 1,4065 
79.7 1.4197 1.4180 1.4162 1.4146 
89,7 1.4264 1.4247 1.4229 1.4212 
99.5 1.4322 1.4302 1.4283 1.4264 





Table 7.71: Effects of Concentration and 
Temperature on the Specific 
Rotatory Power of Aqueous levo- 
2,3-Butanediol Solutions (32) 


Specific rotation 
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Table 7.73: Refractive indices of Aqueous 
Solutions of meso- and levo- 
2,3-Butanediol at 25°C (32) 


Refractive index at 25° C. 





Table 7.74: Specific Gravity of Aqueous levo- 
2,3-Butanediol Solutions at 
20°, 30°, and 40°C (32) 
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Table 7.75: Specific Gravity of Aqueous meso- 
2,3-Butanediol Solutions at 
20°, 30°, and 40°C (32) 
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% meso 2,3-BUTANEDIOL 


Table 7.76: Surface Tension of Aqueous Solutions of levo-2,3-Butanediol and Ethylene Glycol (32) 
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Table 7.77: Refractive Indices of Aqueous Butanediol Solutions at 20°, 30°, and 40°C (32) 





1,2-Butanediol 1,3-Butanediol 1,4-Butanediol 

Glycol, ni? ng’ né? Glycol, ng’ ng’ пао е nae n né’ 
10. 13 1.3452 1. 3436 1. 3420 9.51 1. 3442 1, 3430 1.3417 10. 51 1.3444 1.3432 1. 3420 
19.69 1.3572 1.3553 1.3534 19.18 1.3552 1.3548 1.3520 20.01 1.3563 1.3550 1. 3532 
29.72 1.3693: 1.3672 1. 3650 30.20 1. 3688 1.3670 1.3649 30,02 1. 3682 1.3671 1. 3659 
39.79 1.3813 1.3788 1.3760 39.94 1.3800 1.3778 1.3755 39. 86 1.3802 1. 3790 1.3768 
49.68 1. 3920 1. 3892 1.3865 49.45 1.3920 1.3895 1.3870 49.70 1.3935 1.3918 1.3898 
59.88 1, 4027 1. 4000 1.3966 60.02 1.4040 1.4012 . 1.3983 59.95 1, 4052 1, 4042 1. 4020 
69, 37 1. 4120 1. 4090 1. 4058 70. 10 1.4145 1.4118 1. 4090 70.15 1.4183 1.4167 1.4140 
79.73 1. 4212 1,4185 1. 4165 80.20 1. 4242 1. 4215 1. 4185 19. 85 1. 4283 1. 4258 1. 4236 
89. 40 1. 4297 1. 4265 1. 4230 89.67 1. 4323 1.4295 1. 4264 90,10 1, 4370 1, 4349 1. 4318 

100 1. 4375 1. 4347 1. 4310 100 1.4398 1.4370 1. 4331 100 1. 4451 1.4425 1.4395 





Table 7.78: Kinematic Viscosity of Aqueous Butanediol Solutions at 20° and 40°C, in Centistokes (32) 


1, 2-Butanediol 1, 3-Butanediol 1, 4- Butanediol 


Glycol, Viscosity Glycol, Viscosity Glycol, Viscosity 
20°C 40°C % 20°C 40°C % 20°C 40°C 

10. 125 1.520 0.910 9.505 1.51 0.91 10.51 1.446 0.89 
19.69 2.187 1.243 19.175 2.295 1.291 20.01 2.109 1.218 
29.72 3.310 1.690 30.20 3.529 1.818 30.02 2. 867 1. 6602 
39. 79 4. 802 2.311 39. 94 5.419 2.593 39. 86 4.258 2. 382 
49. 685 6.739 3.088 49. 45 8. 313 3.695 49.70 6.57 3. 202 
59. 88 9.72 4. 227 60. 02 13. 44 5,600 59.95 10.20 4,707 
69.37 13.82 5.744 70.1 21.57 8.413 70,15 18.48 7. 982 
79.73 21.37 8.372 80, 20 35. 36 12.88 79.85 30.63 12.62 
89. 40 35.54 12.57 89.67 63.43 21.21 90.1 54. 35 21. 40 
100 68.0 21.25 100 129.8 39.70 100 87.62 33,8 





2-BUTENE-1,4-DIOL 


HOCH4CH-—CHCH4OH 


Table 7.79: Physical Properties of 2-Butene-1,4-diol (32) 


Physical Properties of Technical Cis-2-Butene-1,4-Dioi Purified Cis-2-Butene -1,4-Diol 

Boiling point range 232-235° C Boiling point at 760 mm. Hg 234° C 
100 mm. Hg 177" С 

Fire point (Cleveland open cup) 270° F 20 mm. Hg 140“ С 

10 mm. Hg 122“ С 

Flash point (Cleveland open cup) 263° F 5 mm. Hg 109" С 

Freezing point range 4.0-7.0° С Freezing point 12.5 С 

Molecular weight 88.1 Refractive index, ng’ 1.4768-1.4773 

Refractive index, ng’ 1.476-1.478 Specific gravity at 25/15° C 1.070 

Specific gravity at 25/15* C 1.067 -1.074 

“Viscosity at 68° F 22 cp. 

100° F 10.8 cp. 


210° F 2.5 cp. 


2-BUTYNE-1,4-DiOL 


Polyhydric Alcohols 


HOCH2CZCCH20H 


Table 7.80: Physical Properties of 2-Butyne-1,4-Diol (32) 


1,5- PENTANEDIOL 


Physical Properties of Commercial 2-Butyne-1,4-Diol 


Асе!а!5 (а5 СН, 0) 
Aldehydes (as CH, O) 
Butynediol content 
Freezing point 

Methanol (by distillation) 
pH 

Propargyl alcohol 


Saponification No. (as mg. KOH/g. 


product) 
Specific gravity, 48 
Weight per gallon 


Less than 0.6% 

Less than 0.5% 

35 + 1% 

Less than -7? C 
0.055 

4 to 6 

Less than 0.5% 


Less than 6 
1.04 tol ~~ 
8.7 lb. 


Purified 2-Butyne-1,4-Diol 


Boiling point at 10 mm. Hg 
100 mm. Hg 


Crystal structure 
system 
principal forms 


Melting point 


Refractive indices ше 


Solubility (g./100 ml. solvent) 
in water at 0° C 
in water at 25° C 
in ethyl alcohol at 25° C 
in acetone at 25° C 
in ethyl ether at 25° C 
in benzene at 25° C 


Pentamethylene Glycol 


Table 7.81: Physical Properties of 1,5-Pentanediol (32) 


Boiling point at 760 mm. Hg 
50 mm, Hg 
10 mm. Hg 
Coefficient of expansion at 55° C 
Flash point (open cup) 
Freezing point 
Molecular weight 
Refractive index at 20° C 
Specific gravity at 20/20° C 
Surface tension at 20° C 
Vapor pressure at 20° C 
Viscosity at 0° C (absolute) 
20“ С 
40" С 


Weight per gallon at 20° C (average) 


140“ С 
194" С 


Orthorhombic 

Basal pinacoids and prisms with 
crystals flattened parallel to 
the basal pinacoids 


57.5° C 


а + 1.450 - 0.002 
B + 1,528 - 0.002 


121 
374 
83 
70 
2.6 
0.04 
НОСН, СН, СВ, СН, СВ ОН 
242.5" С 
166" С 
134" С 
0.00061/°C 
265° F 
-15.6* C 
104.16 
1.4489 
0.9921 


43.2 dynes/cm. 
Less than 0.01 


415 cp. 
128 cp. 


48 cp. 
8.23 lb. 
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Table 7.82: Absolute Viscosity of Aqueous 1,5- Table 7.83: Specific Gravity of Aqueous 1,5- 
Pentanediol Solutions at 20° and Pentanediol Solutions at 20? and 
40°C (32) _ 40°С (32) 


VISCOSITY, LOG СЕНТ РОМЕ 
SPECIFIC GRAVITO 





2 1,8- PENTANEOIOL 





% n8-PENTANEDIOL 


2,4-PENTANEDIOL 


Amylene Glycol CH3CHOHCH2CHOHCH3 


Table 7.84: Physical Properties of 2,4-Pentanediol (32) 


Boiling point at 760 mm. Hg 199* C 

Flash point, Cleveland open cup 210° F 

Melting point 45" С 

Molecular weight 104,15 

Specific gravity (apparent), 20/20° C 0.964 (supercooled liquid) 


NEOPENTYL GLYCOL 


В 
"NPG" Glycol HO—CH,—C—CH,—OH 
2,2-Dimethyl-1, 3-Propanediol | 
CH; 
Table 7.85: Physical Properties of Neopenty! Glycol (41) 
Empirical Formula C,H,10, Bulk Density, 21*C., g./cc. 1.06 
Molecular Weight (calcd.) 104.15 ib./cu. ft. 66.4 
Equivalent Weight (theor.) 52.08 Color, APHA, ppm., max. 258 
Acid Number 0.01 Critical Pressure, atm. (estd.) 36 
Hydroxy! Number (average) 1075 Critical Temp., °K. (estd.) 653 
Saponification Number 0.14 Critical Volume, cu. ft./Ib. (estd.) 0.059 
Acid, as acetic acid, wt. 96 0.05 max. cc./g. (estd.) 3.683 
Aldehyde, as hydroxypivaldehyde, wt. % 0.70 max. Crystal Density, 25°C., g./cc. 1.11 
Ester, as neopenty! hydroxypivaldehyde, Ib./cu. ft. 69.3 
wt.96 1.50 max. Crystallization Point, ?C. 128 (same as m.p.) 
Water, wt. % 1.00 max. Effect on Metals: No corrosive effect on mild steel, 
Appearance White, crystalline solid galvanized steel or tinplate. 
Autoignition Temp. (ASTM D286-30), °F. 750 Slightly corrosive to aluminum. 
С: 399 Fire Point (Cleveland Open Cup), °F. 305 
Boiling Range, °C., at 3.35 mm. Hg 93-94 °C. 151.6 
25 mm. Hg 121-123 Flash Point (Cleveland Open Cup), ?F. 305 
760 mm. Hg 210 °С. 151.6 


(continued) 


Polyhydric Alcohols | 391 


Table 7.85: (continued) Solubility 
Solubility, g./100 g. of 
Solvent, at 
Solvent 5°С. 15°C. 60°С. 
Heat Capacity, Solid, B.t.u./Ib./°F. (estd.) 0.383 ee чо 
cal., g./g./°C. (estd.) 0.383 Hise - p 5 
Heat of Combustion, B.t.u./Ib. (estd.) —12,917 cetone е P d 
cal., g./g. (estd.) -7,176 Benzene 
B.t.u./Ib. mole — 1,345,306 Cyclohexane 0.0 «1 04 
cal, g./g. mole — —747,391 Hexane са 22 = 1.8 
Heat of Fusion, B.t.u./Ib. (estd.) 90 isobutyl alcoho | B = 
cal., g./g. (estd.) 50 Methyl ethy! ketone 25 41 >309 
' Methyl isobutyl ketone 7.9 14 76 
Toluene | 0 <1 39 
аМокеп Trichtoroethylene 0.2 «1 117 
Specific Gravity, 25°/4°C. 1.066 


PENTANEDIOLS 


Table 7.86: Kinematic Viscosity of Aqueous Pentanediol Solutions at 20° and 40°C, in Centistokes (32) 


1, 2-Pentanediol | 1, 5-Pentanediol 


Viscosity Viscosity 
Glycol, % Glycol, % 
20° C 40% С 20" С 40" С 
10.36 1.5475 0.9275 10.17 1.516 0.9210 
19.97 2.264 1.258 20.09 2.246 1.277 
30.18 2.88 1.538 30. 42 3.300 1.795 
40.13 4. 06 2.08 39. 82 4. 735 2.331 
50.02 5.73 2.82 50. 04 7.08 3.350 
59. 96 8.02 3. 742 60. 12 11. 30 5.250 
69. 97 13. 03 5.725 70.45 20.9 8. 842 
79.85 19.85 8.138 80.20 36.22 14.46 
90.05 38.20 13.62 89.75 66.25 25. 70 
100 68.55 20. 82 100 115.65 43.58 


Tabie 7.87: Refractive indices of Aqueous Pentanediol Solutions at 20° and 40°C (32) 


1, 2-Pentanediol | 1,5-Pentanediol 


Glycol, п? ni? өзге né’ nf? 
10.36 1. 3452 1.3430 10. 17 1. 3444 1. 3420 
19.97 1.3585 20.29 |. 1.3543 
20.64 1.3500 20.59 1.3572 
30.94 1.3705 1.3682 30. 42 1.3700 1. 3682 
41. 26 1.3830 1.3800 40. 43 1. 3833 1.3800 
51.05 1.3930 1.3895 50. 45 1. 3960 1. 3910 
61.28 1. 4050 1.3990 60.51 1. 4080 1. 4033 
10.00 1. 4120 1. 4068 10.73 1. 4198 1. 4159 
80.04 1. 4223 1. 4182 80.08 1. 4304 1. 4260 
90.05 1. 4320 1. 4254 90.15 1.4417 1.4367 

100 1. 4390 1. 4326 100 1. 4500 1. 4448 
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1,6-HEXANEDIOL 


Сн, ОНСН, СН, СН, СНСН)ОН 


Table 7.88: Physical Properties of 1,6-Hexanediol (32) 


This glycol is very soluble in water. 


Boiling point at 760 mm. Hg 


Flash point, Cleveland open cup 


Melting point 


Molecular weight 


Specific gravity (apparent) 


2,5-HEXANEDIOL 


243* C 
265° F 
42° С 

118.17 


0.958 


CH3CHOHCH4CH4CHOHCH^4 


Table 7.89: Physical Properties of 2,5-Hexanediol (32) 


This six-carbon glycol is the most viscous of the family. It is 
completely miscible with water. 


Boiling point at 760 mm. Hg 


Flash point, Cleveland open cup 


Freezing point 


Molecular weight 


Refractive index at 20° С, пр 


Specific gravity (apparent) at 45/15.6° C 


Viscosity at 20° C 


HEXYLENE GLYCOL 


2-Methyl-2, 4- Pentanediol 
Methyl Amylene Glycol 


Diacetone Glycol 


220.8° C 

220° F 

Sets to a glass below -50° C 
118.17 

1.4474 


0.9617 


37 ср. 


CH3COH(CH3)CH2CHOHCH3 


Table 7.90: Physical Properties and Specifications of Hexylene Glycol (32) 


Acidity as acetic acid 
Boiling point at 760 mm. Hg 


at 50 mm. Ng 
at 10 mm. Hg 


Color, Pt-Co (Hazen) standard 
Critical properties, P, 

У, 
Density (in air) at 760 mm. Hg 


Density in air at any temp. may be 
obtained from equation: 


0.005% by wt., max. 
198.27° C 

197.1" С 

125 С 

94" С 

15, max. 

499 psia 

1221* R 

6.78 ft./mole 


0.928 g./cc. 


В. -- 0.952 - 4.02 x 10*t 


Density (in vacuo) at 0° C 
20" С 
30" С 

dt/dp at the boiling point 


Flash point, Cleveland open cup 


Freezing point 


Distillation range (ASTM D-1078) 
(95% will distill between 
196° С апа 199" С) 


0.9360 g./cc. 
0.0216 g./cc. 
0.9145 g./cc. 
0.045* C/mm. 


210° F 

215° F 

Becomes semisolid at -40° C 
without crystalline formation 

Sets to glass below -50° C 


195 to 200° C 


(continued) 


Table 7.90: (continued) 


Latent heat of vaporization 


Molecular weight 
Pour point 
Refractive dispersion, (Мр - Nc) x 10‘ 


Refractive index, n?" 


nj" 


Specific gravity at 20/4* C 
20/20* C 


A Sp. Gr./At, 0to 55* C 
Surface tension, 20* C 
Vapor pressure, 20° С 
Viscosity (absolute), 20° C 


Water at 20° C 


Weight per gallon at 20° C 


Table 7.91: Freezing Points of Hexylene 
Glyco!-Water Mixtures (32) 


FREEZING POIN T, 





Freezing Points of Hexylene 
Glycoi (2-Methyl-2,4-pentanediol)- Water 
Mixtures. (I) Observed; (II) Theoretical, 
without hydration; (III) Theoretical, with 
complete hydration. 
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12.3 x 13* cal./g.-mole 
104.1 g.-cal./g. 

208 Btu/Ib. 

118.17 

-37.2° C (35° F) 

72.5 


1,4276 
1.4243 


0.9216 
0.9234 


0.00097 

33.1 dynes/cm. 
0.05 mm. Hg 
34.4 cp. 


Miscible without turbidity with 19 
vols. of n-heptane 


1.69 lb. 


Table 7.92: Specific Gravity and Freezing 
Point of Hexylene Glycol- 
Water Mixtures (74) 


о 
$ 


à 
FREEZING POINT *C 


SPECIFIC GRAVITY 20*/20*C. 
i 
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PINACOL 


Pinacone 
2,3-Dimethyl-2, 3-Butanediol 
Tetramethylethylene Glycol HOC(CH4), : C(CH4),OH 


Table 7.93: Physical Properties of Pinacol (32) 


Boiling point at 760 mm. Hg 174.4* C 
Melting point 41.1° С 
Molecular weight 118.17 


The Hexahydrate 


Melting point 45.4° C 
Specific gravity, ds 0.967 (supercooled liquid) 


2,2-DIETHYL-1,3-PROPANEDIOL 


HOCH4C(C2H5); CH OH 


Table 7.94: Physical Properties of 2,2-Diethyl-1,3-Propanediol (32) 


Boiling point at 10 mm. Hg 125* C 
Freezing point 61.3* C 
Molecular weight 132.20 
Solubility in water at 20* C 25% by wt. 
Specific gravity (apparent) at 20° C 1.052 


2-ETHYL-1,3-HEXANEDIOL 


Ethohexodial 
Octonediol HOCH»2CH(CoH5)CHOHC4H7 


Table 7.95: Physical Properties of 2-Ethyi-1,3-Hexanediol (32) 


Acidity as acetic acid 0.01% by wt., max. 
Boiling point at 760 mm. Hg 243.1° C 

Color, Pt-Co 15, max. 
Distillation range 241 to 249° C 
Flash point, open cup 265° F 

Freezing point Sets to glass below -40* C 
Molecular weight 146.22 

Refractive index, 20* C, np 1.4511 

Solubility in water, 20* C 4.2% by wt. 
Solubility of water in, 20° C 11.7% by wt. 
Specific gravity, 20/20° C 0.9422 


Suspended matter 

Vapor pressure, 20° C 

Viscosity, 20° C 

Weight per gallon (average), 20° C 


Substantially free 

Less than 0.01 mm. Hg 
323 cp. 

7.83 1b. 
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2,5-DIMETHYL-3-HEXYNE-2,5-DIOL 


CH, CH, 
| 
Dimethyl Hexynedio! CH,-C-C*C-C-CH, 
| | 
OH OH 


Table 7.96: Physical Properties of 2,5-Dimethyl-3-Hexyne-2,5-diol (32) 


Boiling point 205-6° C 
Freezing point 94-5“ С 
Surface tension at 25° С 
5% in water 41.2 dynes/cm. 
0.1% in water 60.9 dynes/cm. 
0.01% in water 66.9 dynes/cm. 


1,4-CYCLOHEXANEDIMETHANOL 


CH,OH H OH 
S ие? > аа 


H^ ^CH,0H HOH,C^ ^H 
cis-isomer trans-lsomer 


Table 7.97: Properties of 1,4-Cyclohexanedimethanol 


(approx. 70% trans-, 30% cis-isomers) — 


Empirical formula Сұн,о, Specific gravity 
Molecular weight (calcd. ) 144,21 Liquid: 
Equivalent weight 72.1 25°/4°C. (super-cooled) 1. 026 
Crystallization point, °C. 35 50*/4*C. (super-cooled) 1, 010 
Pour point, *C. (super-cooled) 10 100*/4*C. (molten) 0.978 
Melting point, °C. 41-61 150°/4°C, 0.946 
cis isomer 43 200°/4°С. 0. 914 
trans isomer TO Solid: 
Boiling point, °C. 27*/4*C. 1. 069 
760 mm. 285 Density 
100 mm. 216 Liquid, lb. /gal. : 
D: 160 70°F. (super-cooled) 8. 59 
i mm. 118 100*F. (super-cooled) 8. 49 
cis isomer 288 200°F. 8.20 
trans isomer 284 300°F. 7.90 
400*F. 7.60 
Solid, 70°F., lb. /cu. ft. 66.74 


(continued) 
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Table 7.97: (continued) 


Acid number «0.03 
Hydroxyl number 22. 89 
Saponification number 0.91 
Refractive index, nie (super-cooled) 1. 4893 
Flash point, Cleveland Open Cup, °F. 165 
Fire point, Cleveland Open Cup, °F. 255 
Solubility, 25°C., wt. % 
in water miscible 
water in miscible 
in methanol miscible 
in ethanol miscible 
in diethyl ether 2.5 
in VM & P naphtha «1 
in benzene <1 
in acetone 56. 4 
Heat capacity, (estd. ) 
Liquid: Temp., °C. Cp Btu. ЛЬ. °F. C_, B.t.u./lb. “Е. 
50 0. 505 0.648 
100 0.553 0. 716 
150 0. 609 0. 794 
200 0. 669 0. 877 
0. 410 


Solid: Ср, B. t.u. /lb. °F. (еви. ) 
Thermal Conductivity (estd. ) 


Vapor: Temp., °C. 
50 
100 
150 
200 


Liquid: Temp., °C. 
50 
100 
150 
200 


Critical temperature, То °С. (estd. ) 


cis isomer 


trans isomer 


Critical pressure, Po atm, (estd. ) 


Critical volume, V,, cu. ft. /lb. (estd. ) 


Viscosity: Temp. , °F. св. 
75 1421.6 
100 478.1 
125 183.4 


к, B.t.u, /hr, ft. °F. 


0. 00602 
0. 00772 
0. 00960 
0. 01229 


k, B.t.u. /hr. ft. *F. 


0.1118 
0.1229 
0. 1280 
0. 1311 


457 
451 


34. 85 
0. 0506 
8.0.8. 


6568 
2209 
847 
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p-XYLYLENE GLYCOL 


w ,w'=Dihydroxy~p-Xylene нон у-ењон 


Table 7.98: Physical Properties of p~Xylylene Glycol (32) 


Chlorine (total) 0.6% max. 
Flash point (Cleveland open cup) 370° F 
Molecular weight 138.16 
Purity 95% min. 

Set point 115-117.6° C 
Specific gravity at 117° C 1.100 
Toluene insolubles 0.5% max. 


2-ETHYL-2-BUTYL-1,3-PROPANEDIOL 


НОСН”С(СФН5ХСДНФСНФОН 


Table 7.99: Physical Propertles of 2-Ethyl-2-Butyl-1,3-Propanediol (32) 


Boiling point at 100 mm. Hg 195* C 
Melting point 41.4* C 
Molecular weight 160.25 
Solubility in water at 20* C 0.895 by wt. 
Specific gravity (apparent) at 50/20* C 0.931 


3,6-DIMETHYL-4-OCTYNE-3,6-DIOL 


CH, CH, 
| 

Dimethy] Octynediol CH, - CH, -C-C=C-C-CH, - CH, 
| | 
OH OH 


Table 7.100: Physical Properties of 3,6-DImethyl-4-Octyne-3,6-diol (32) 


Boiling point at 20 mm. Hg 136" С 
Freezing point 55.6° C 
Surface tension at 25° C 
5% in water 30.7 dynes/cm. 
0.1% in water 55.3 dynes/cm. 


0.01% in water 63.9 dynes/cm. 
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THIODIGLYCOL 


Thiodiethylene Glycol 
B, B '-Dihydroxyethyl Sulfide 


Table 7.101: Physical Properties of Thiodiglycol (32) 


Acidity 


Boiling point at 760 mm. Hg 
50 mm. Hg 


4 Boiling point/A p 

Color (РЕ-Со) 

Coefficient of expansion at 55° C 
Flash point (open cup) 


Freezing point 


1.0 mg. KOH/g. sample, max. 


283“ С 
194" С 


0.055° C/mm. Hg 
200 max. 
0.00061/• С 

320° F 


-10° C 


НОСН2СН»--5--СНҘСН2ОН 


Heat of vaporization at 1 atm. 


Molecular weight 
Refractive index at 20° C n 
Specific gravity 

4 Sp. Gr./At 

Vapor pressure at 20° C 
Viscosity at 20° C 


Weight per gallin at 20° C 
at 15.56° C 


Table 7.102: Vapor Pressure of Thiodiglycol at Various Temperatures (19) 


VAPOR PRESSURE, mm. He 


й ПИШ 


100 цо 120 130 140 І50 160 170 180 





200 220 %40 260 200 300 


TEMPERATURE, °C. 


235 Btu/lb. 

122.19 

1.5217 

1.1847 

0.00072 

Less than 0.01 mm. Hg 


65.2 ср. 
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MISCELLANEOUS GLYCOLS 


Table 7.103: Hydrates of Aliphatic Glycols (32) 


Glycol Hydrate 
Number Skeletal M M | 
ої С Мате. Structural ғар. г, mn 
Atoms Formula CO ( С) R (OH); x nH20 
2 Ethylene glycol HO-C-C-OH -12.9 -49.6 2 
(cong.) 
2 Ethylene glycol HO-C-C-OH -12.9 -40.7 0.67 
4 meso-2,3-Butane- HO OH 
1 34.4 16. 6 
diol pde 8 (5)! 
4 2,3-Butanediol i е 7.6 
о с-с-С-с і = : 
но Он 
5 2-Methyl-2,3- се. liq. 23.5-4 6 
butanediol e Т ete 3 
С 
a0 
6 Pinacol eae 41.4 41.25 1 
СС 
HO ОН 
6 Ріпасої exce 41.4 46.5 6 
СС 
B. om 
8 2,5-Dimethyl-2,5 $f.) 92 41-2 6 
hexanediol e " ve С e 
C C 
но OH 
9 2,6-Dimethy!-2,6- — 4466020. 76-77 60-61 1 
heptanediol eet С eov e с 
C C 
но M 
10 2,7 -Dimethyl-2,7 - Bow ce Р ЖЕ 92 59 2 
octanediol с ce с-с-с Т С : 
C С 
HO он 
13 2,10-Dimethyl- t 299 81 --- ? 
2,10-undecanediol ги Е $ У 
C 
m Он 
14 2,11-Dimethyl- ша 67.5 --- ? 
2,11-dodecanediol о 
C 


15H, O (5095 H; O) has been assigned. The maximum of the very flat freezing point curve has been found at 5595 H3O, по 
formula being assigned. This composition agrees excellently with 6H, O which requires 54.595 H; O. 
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Table 7.104: Hydrates of Cyclic Glycols (32) 


Number 
of C 
Atoms 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


tSubject of crystallographic studies. 


Name 


trans-Octa- 
hy droindan-8,9- 
diol 


trans-Decahydro- 
naphthalene-9,10- 
diol 


cis-Decahydro- 
naphthalene-9,10- 
ciol 


trans-p-Menth- 

8 (9) -ene-1,2-diol 
cis-p-Menth- 

8 (9) -ene- 
1,2-diol 


cis(?) -p- Menth- 
1 (2) -ene-3,6-diol 


cis-Terpint 


trans-Terpinf 


p-Menthane-2,5- 
diol 


p-Menthane-I,2- 
diol 


p-Menthane-2,8- 
diol (neoiso- 
dihydrocarveol 
hydrate) 


Glycol 


Skeletal M 
Structural i 
Formula со 
H 
73-4 
OH 
OH 
96 
89.5 
OH 
С 73 
ҚУ а 71-2 
но 
но 
OH 
HO HO 156-8 
HO 
HO 
С 
89 
но 
но 
C 
93-4 
HO 
HO 


80-5 


60 


27 


121 


58-9 


52 


65-75 


Hydrate 


n in 
R(OH); x nH; O 


0.5 to 1.0 


1.0? 


Unknown 


3? 


3&1 


Unknown. 


{Stelzner's Literatur Register 1919-21 reports the formation of a hydrate and cites O. Aschan, "Bidrag till kannedon af 


Finlands natur ochfolk," 77, No. 1 (1918). The report appears to be without foundation. 


(continued) 


Table 7.104: (continued) 


Number 
of C 
Atoms 


10 


11 


14 


20 


29 


31 


38 


38 


Name 


()-Сагепе-В- 
glycol or 3,4- 
Carane-diol 
(trans-2,3- 
dihydroxy -3,7,7- 
trimethyl- 


bicyclo-0,1,4- 
heptane) 


Homoterpin 


iso (t) -Hydro- 
benzoin 


Dihydrodi- 
carveol 


3,3! -Dihydroxy - 
3,3' -diphenyl- 


2,2'-вріго- 
biindan 


3,3'-Dihydroxy - 
3,3'-dibenzyl- 


2,2'-spiro- 
biindan 


a -s-2,2!- 
Diphenylbenzo- 
pinacol 


В -5-2,2'- 
Diphenyl- 
benzopinacol 


Glycol 
Skeletal 
Structural n e 
Formula 
Me CMe, 
90-91 
HO 
HO 
C—C 
HO HO 
PhCHOHCHOHPh 121 
СНО; 166 


А. 
"d ч. 164 


рһ OHHO pp 


CH, CH, 

Зи 

Ж”. 169 
С с 


PhH,C/ OH HO "cH, ph 


Ph Ph 175 
ГТ 
но но 152-8 


Ph Ph 
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Hydrate 

M.p. n in 

(°C) R(OH); x nH;O 
79 1 

--- і 

96 Unknown 
100 2 
125-30 1&3 
134 3 


Table 7.105: Freezing Points of Aqueous Ethylene Glycol and Propylene Glycol Solutions (42) 


FREEZING POINT, DEGREES FAHRENHEIT 


== PROPYLENE GLYCOL 
awe ETHYLENE GLYCOL 


10 20 30 40 50 
PERCENT GLYCOL BY WEIGHT 
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Table 7.106: Freezing Points of Various Aqueous Glycol Solutions, °C (32) 


Table 7.107: Freezing Points of Various Aqueous Alcohols, Glycols and Glycerol (32) 





Solute 


by 
Weight, 


10 


Glycol, 
% 


1,2- 
Pro- 
pane- 

diol 


-3. 12 


-14.0 
-22.7 
-34.5 
-48.2 


1,3- 
Pro- 
pane- 

diol 


-2. 86 

-6.5 
-11.8 
-18.8 
-27.7 

-40.0 


1,2- 1,3- 
Bu- Bu- 
tane- tane- 
diol diol 
-2.60 -2.34 
-6.0 -5.2 
-11.0 -10.5 
-16.5 -16.8 
-22.4 -25.2 
-29.0 -35.3 


Ethylene Glycol 


F.p. 
Ob- 
served, 
С 


Е.р. 
Calcu- 
lated, 

°c ы 


1,2- 1,5- 
Реп- Реп- 
tane- tane- 

diol diol 

-2.3 -2.3 
-4.8 -4.9 
-6.8 -8.4 
-B.4 -11.3 

-10.2 -15.3 

-12.6 -21.0 


Glycerol 


» -6.46 • . 


20 
30 
40 
50 


60 


Methanol 
Е.р. Е.р. 
Ob- Calcu- 
served, lated, 
С С 

-6.3 
-15.3 -14.5 
-26.3 -24.9 
-39.7 -38.8 
-55.2 -58.1 


Ethanol 
F.p. F.p. 
Ob- Calcu- 
served, lated, 
Це кој 
-4,5 -4.49 
-10.5 -10.1 
~20.0 -17.3 
-29.4 -27,0 
-37.0 -40.4 
-43.8 -60.7 


-3.6 
-8.3 
-14.7 
-23.5 
-39.0 


-50 


-3.33 

-8.27 
-12.9 
-20.0 
-30.0 


-45.0 


Е.р. Ер. 
Ob- Calcu- 
a ee ща 
-2.0 -2.25 
-5.2 -5.05 
-9.9 -8.67 

- 15.9 -12.0 

-24.6 -20.2 

-37.9 -30.3 


levo- 
2,3-Butanediol 
Ер. Е.р. 
Ob- Calcu- 
served, lated, 
зе "С 
-3.1 -2.30 
-7.1 -5.17 
-12.4 -8.85 
-19.4 -14.3 
-29.6 -20.7 
-40.4 31,0 


Table 7.108: Compatibility of Coupling Solvents with Carbon Tetrachloride and Water (74) 


| BUTYL “CELLOSOLVE” 


HEXYLENE GLYCOL 


ЖУАУАУАУАТАУАУАУАУАТАТАУАУАУАТАУАУА 
AVAVAVAVAVAVAVAVAVAVAVAVAVAVANANANANA, 
AVAVAVAVAVAVAVAVAVAVANAVAVANAVAVAVAVAVA. 


CARBON TETRACHLORIOE 
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Table 7.109: Key Hygroscopicity Curve (55) 


170 
150 
130 


110 


20 
50 


30 


Parts of water absorbed per 100 parts of glycsl for system equilibrium 
5 


10 





0.0 






apor pressure of water at test teaperature 


Key hygroscopicity curves for the various 
glycols: (a) ethylene glycol; (b) diethylene glycol; and 
(c) dipropylene glycol. 


Table 7.110: Surface Tension of Glycol-Water Table 7.111: Vapor Pressure of Glycols (14) 
Systems (14) 





3 


VAPOR PRESSURE, me Hg. 


SURFACE TENSION, DYNES PER CENT 
CENTIMETER AT 25°C 
а 
о 





0 lo 20 30 40 30 60 70 80 90 100 
WEIGHT PER CENT GLYCOL 


20 3o ю но ио 170 200 
TEMPERATURE, DEGREES CENTIGRADE 
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Table 7.112: Viscosity of Glycols (32) 


VISCOSITY IN CENTISTOKES 





20 ЕЕ 


щит АУЕ 


+50 +70 +90 +0 +130 +150 
TEMPERATURE, DEGREES FAHRENHEIT 


Table 7.114: Water Absorption by Glycols as a 


Function of Relative 
Humidity (14) 


0.100 
5 

Ес 

- > 

45 

2 и. 

“6 

б 

р = 

= а 

45 

€ y DIPROPYLENE GLYCOL* 
Я сою ——I 


XYLENE GLYCOL 


і ‚5 HOUR EXPOSURE 
Ls HOUR ee 





as CENT RELATIVE HUMIDITY AT 25°C. 


Table 7.113: Water Absorption by Glycols as a 
Function of Time (74) 


GRAMS OF WATER 
PER GRAM OF GLYCOL 


ТЕМЕ tN HOURS 





Table 7.115: Refractive Index, Specific Gravity, 
and Boiling Point Measurements 
of Various Glycols (32) 





Compound Refractive Index Specific Gravity, Boiling Point, 
а: °С., 760 шт. 
1,2-Propanediol 25°С. 1.4316, (17) 23°С. 1.0354 (17) 187 (17) 
1. 4313 
20°С. 1.4331 (14) 20°С. 1.0364 (14) 186! 
1. 43241 1. 03611 
1,3-Propanediol 25°C. 1.4385 (17) 20°C. 1.0538 (17) 215 (17) 
1. 4380! 1.0529f 
21°C. 1.4394 (17) 213.5! 
20°С. 1. 4389! 
1,2-Виіапедіої 20°С. 1. 4378! 20°С. 1.0024! 190. 5! 
1,3-Butanediol 25°C. 1.4410 (17) 20°С. 1.0053 (17) 207.5 (17) 
1.4391 (12) 1.0035 (12) 208 (2) 
1. 43881 1.002 (2) 2071 
20°C. 1.4404 (2) 1.0037! 
1.4398! 
1,4-Butanediol 20°С. 1. 4467 (10) 20°С. 1.0171 (1) 230 (2) 
1.4459, (2) 1.0160 (2) 
1. 4460! 1.0185! 2281 
1,2-Pentanediol 24°С, 1.4390 (16) 24°С. 0.9691 (16) 210 (16) 
25°C. 1. 4380! 
20° С. 1. 4390! 20°C. 0.97231 2061 
1,5-Pentanediol 26°C. 1.4480 (16) 26°С. 0. 9890 239 (16) 
25°C. 1.4484! 
20° С. 1.4500! 20°C. 0.9914! 2381 





f Authors’ observations. 
As cited in the fifth and earlier editions of Getman and Daniels' Outlines 
of Physical Chemistry, John Wiley and Sons Inc., New York, 1931. 
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Table 7.116: Relative Solvent Properties of Glycols (23) 


S = Completely Soluble Tri- Di- Tri- 
| = Insoluble Diethyl- ethyl- Tetra- Propyl- ргору!- ргору!- 
< = Less Than Ethyiene ene ene ethylene eng ene ene 
> = Greater Than Glycol Glycol Glycol Glycol Glycol Glycol Glycol 
Вепгвав: э... ы,» REY 5.7 31.3 5 5 19.2 5 5 
Carbon Tetrachloride’ ............ 6.2 26.2 33.6 62 23.4 5 5 
Dibutyl Phthalate ................. 0.5 10.6 16.5 5 8.1 5 5 
Dichloroethyl Ether’ .............. 10.6 5 5 5 37.1 5 5 
Diethanolamine’.................. 5 5 5 5 5 5 5 
DOWANOL’ PM Glycol Ether’ ..... 5 5 5 5 5 5 5 
DOWANOL® DPM Glycol Ether’ ... 5 5 5 5 5 5 5 
Есћу! Ајсоћа!..................... 5 5 5 5 5 5 5 
EIhyE EtBOE vos yeu t OT x Yen 8.2 16.3 16.9 20 S S S 
Methyl Alcohol ................... 5 5 5 5 5 5 5 
Methyl Isobutyl Carbinol .......... S S S 5 5 5 5 
Methyl Isobutyl Ketone ........... 12 S S S S S 5 
Monochlorobenzene' ............. 5.7 5 5 5 22.5 5 5 
Monoethanolamine! .............. S S S S S S S 
ortho-Dichlorobenzene! ........... 4.5 48.4 S S 19.4 S S 
Perchioroethylene’ ............... 0.7 10.7 15.0 19.0 14.5 5 5 
Рћепо!,......................... 5 5 5 5 5 5 5 
Styren sordos ten ed er e 3.4 36 S S 15 S 5 
То!шепе.......................... 29 17.2 24.8 89 12.3 5 5 
UB ТЕСКЕН 48 30 37 28 29 12 10 
Савіог Ой........................ <0.5 <0.5 <1 0.8 5 5 
Сосопи! Он ...................... 1 1 1 <1 1 1 3 
Сопопзвед 01 ................... 1 1 1 <1 1 1 <1 
Hydrous Wool Fat ................ «0.5 с 0.5 с 0.5 <1 <0.5 <0.5 <1 
{ага Ойн.......................... 1 1 1 <1 1 1 <1 
позва Ой ...................... 1 1 1 <1 1 14 2.5 
Ойшса Ой....................... <1 <1 <1 <1 <1 <1 <1 
Ойнуе Ой ......................... 1 1 1 <1 1 0.7 1.5 
Руда: ОН о она ара 5 5 5 5 5 5 5 
5оуа Веап ОН .................... 1 1 1 <1 1 1 <1 
$регт Ой!........................ 1 1 1 <1 1 1 <1 
TIPO s scio ek eh Ri En <1 <1 <1 <1 <1 5 5 
Типа Ой ......................... 1 1 1 <1 1 1 <1 
Тигкеу Вед ОН ................... <1 «1? 1? 1? «1? 32 42 
Рага!бл ОП ...................... 1 1 1 «1 1 1 «1 
SAE М№о. 10 ОП ................... 1 1 1 <1 1 1 <1 
УМР Марћћа .................... <1 <1 <1 1 1 10 14 
Anima! Glue (Dry) ................ «0.5 «0.5 «0.5 «1 «0.5 «0.5 «1 
DEI са vo нив ERR <1 <1 «1 «1 «1 «1 «1 
Сит Оатаг...................... «0.5 «0.5 «0.5 «1 «0.5 «0.5 «1 
Kauri Gum ....................... «0.5 «0,5 «0.5 > 163 <5 <§ > 163 
Sudan !!!......................... <0.5 <0.5 <0.5 <1 <0.5 <0.5 <1 
Shall .......................... <0.5 <0.5 <0.5 <1 <0.5 <0.5 <1 


‘Product of The Dow Chemical Company 

*Forms stable emulsion from this concentration to 1009. 
3 Becomes too viscous to stir beyond 16%. 

* Trademark of The Dow Chemical Company 


Table 7.117: Effect of Various Glycols on Synthetic Rubber Samples—Results Reported 
as % Volume and % Weight Increase (23) 


GN-427T1 GRS-53115T FA-Thiokol Gum Rubber 
Glycol % % % % % % % % 
Vol Wt Vol Wt Vol Wt Voi Wt 
3 Days Immersion 
Ethylene ........ Musas ER -.2 -.1 - 5 5 2 2 ‚2 
Diethylene ........... -12 =-2 -.1 -.5 З 0 1 0 
Triethylene ........... - 1 = -.1 “5 .5 4 3 1 
Ргорујепе ............ -.2 -.2 1 - З 3 0 2 0 
Dipropylene .......... ска -,2 0 =5 3 =A 1 1 
10 Days immersion 
Ethylene ............. -.2 - 2 - З -.7 J 2 3 5 
Diethylene ........... - 3 ~ д -.2 - 8 3 0 зе 0 
Triethylene........... 9 -4 e - 6 6 J 0 1 
Propylene ............ -1 -Л - З -7 2 s -.1 0 
Dipropylene .......... 1 -.2 - 1 ~ 6 л -.2 0 1 
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Table 7.118: Solubility of Cellulose Derivatives in Glycols (23) 


И Second Celtulose Cellulose Acetate 
Glycol 50 CPS, ST. E/C Nitrate ЕМ З 
Ethylene ............. insoluble Swelled insoluble 
Diethylene ........... insoluble >20% Soluble insoluble 
Triethylene........... insoluble >20% Soluble Insoluble 
Propylene ............ insoluble Swelled Insoluble 
Dipropylene .......... insoluble > 20% Soluble Insoluble 


Table 7.119: Compatibility of Film Cast from 80/20 Toluene/Alcohol (23) 


50 CPS. ST. E/C % Second Cellulose Cellulose Acetate 
Nitrate FM3 
Glycol 
Clear Haze Opeque Clear Haze Opeque Clear Haze Opaque 

Ethylene ............. 1% 3% 10% 3% 5% 10% >10 20 = 
Diethylene ........... 1% 3% 10% 1% 5% 10% >20 30 = 
Triethylene ........... жа» 1% 3% 1% 3% 15% >20 30 = 
Propylene ............ 1% 3% 10% 1% 3% 10% >10 20 — 
Спргорујепе .......... 20% 25% 30% >50% .. m >40 50 ~ 


Note: Table shows % glycol in film with the properties shown. 


Table 7.120: Relative Humectant Values (23) 


Relative Humidities 


Temperature Gly col 

of Air °F 10% 20% 30% 40% 50% 60% 70% 80% 90% 
Ethylene 975 934 893 857 82 78 72 63 48 

Diethylene 978 951 920 890 86 83 78 68 52 

20 Triethylene 98.5 96.8 94.0 91.1 89 83 78 66 51 
(-6.7* C) Propylene 96.8 91.4 900 846 77 73 68 55 40 
Dipropylene 98.5 970 95.1 926 89 85 79 67 51 

Ethylene 97.3 93.2 89.1 854 82 76 69 60 42 

Diethylene 97.7 950 920 890 86 82 77 67 50 

40 Triethylene 98.4 96.5 93.8 910 88 83 77 65 51 
(4.4°C) Propylene 97.0 923 90.2 852 78 74 68 55 40 
Dipropylene 98.4 96.9 95.0 925 89 85 79 67 51 

Ethylene 97.1 930 889 850 81 75 66 57 37 

Diethylene 97.7 950 920 890 86 82 76 66 48 

60 Triethylene 98.2 962 93.6 908 86 82 77 65 50 
(15.6* C) Propylene 97.1 92.9 904 858 80 74 68 55 40 
Dipropylene 98.4 96.8 94.8 924 89 85 79 67 51 

Ethylene 96.8 92.8 88.6 847 80 73 84 55 36 

Diethylene 97.6 94.9 92.0 890 85 81 75 65 47 

60 Triethylene 98.1 96.0 93.4 907 85 82 76 64 50 
(26.7°C) Propylene 97.1 93.5 90.5 863 81 75 68 55 40 
Dipropylene 98.3 96.7 94.7 92.3 89 85 79 67 51 

Ethylene 966 927 88.4 843 79 72 83 53 35 

Diethyiene 976 948 920 890 85 81 74 64 48 

100 Triethyiene 980 957 932 906 84 82 76 64 49 
(37.8°С) Propylene 97.2 939 906 866 82 75 88 55 4 
Dipropylene 98.3 966 946 921 89 85 79 67 51 

Ethylene 96.4 925 882 840 78 71 62 51 34 

Diethylene 97.6 94.8 92.0 890 85 60 73 83 45 

120 Triethylene 97.8 954 93.0 905 83 82 75 63 49 
(48.9" С) Propylene 97.2 943 90.7 867 83 78 66 55 40 
Dipropylene 98.2 96.5 945 920 89 85 79 67 51 


Note: Values are given as the percent by weight of glycol in water solution required to maintain equilibrium in contact 
with air of various temperatures and humidities. 


Table 7.121: Water Vapor Dew Points Over Aqueous Ethylene 


Table 7.122: Water Vapor Dew Points Over Aqueous Diethylene 


Glycol Solutions (23) 
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Table 7.124: Water Vapor Dew Points Over Aqueous 


Table 7.123: Water Vapor Dew Points Over Aqueous 


Propylene Giycol Solutions (23) 


Triethylene Glycol Solutions (23) 
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Table 7.125: Water Vapor Dew Points Over Aqueous 
Dipropylene Glycol Solutions (23) 
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Table 7.127: Total Pressure Over Aqueous Ethylene Glycol! 


Solutions vs Temperature (23) 


Degrees Centigrade 
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Table 7.126: Boiling Points of Glycols at 
50 mm Hg (23) 


Маќкег...............-.. 100“ Е (37.8°C) 

Ethylene Glycol ........ 258" Е (125.5" С) 
Diethylene Glycol ...... 338° F (170°C) 

Triethylene Glyco! ...... 387“ Е (197.2 С) 
Tetraethylene Glycol .... 453°F (233.9" С) 
Propylene Glycol ....... 240° F (115.6° C) 
Dipropylene Glycol ..... 307“ Е (152.8% С) 


Tripropylene Glycol .... 356°F (180°C) 


Table 7.128: Total Pressure Over Aqueous Diethylene 
Glycol Solutions vs Temperature (23) 
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Table 7.129: Total Pressure Over Aqueous Triethylene Glycol 
Solutions vs Temperature (23) 


Total Pressure, mm Hg 


Degrees Centigrade 
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Table 7.130: Total Pressure Over Aqueous Propylene Glycol 


Solutions vs Temperature (23) 
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Table 7.131: Total Pressure Over Aqueous Dipropylene Glycol! 


Solutions vs Temperature (23) 
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Table 7.132: Vapor-Liquid Composition Curves for Aqueous 


Temperature, Degrees Fahrenheit 


Ethylene Glycol Solutions (23) 
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Table 7.133: Vapor-Liquid Composition Curves for Aqueous 


Temperature, Degrees Fahrenheit 


Diethylene Glycol Solutions (23) 


LiQuID 
par 


i LIQUID 


pM же тт zB 
01 02 0.3 04 0.5 0.6 07 0.8 0.9 1.0 
Mole Fraction Diethylene Glycol 





Degrees Centigrade 


yooqpuog sjuaajog oiusnpup 0р 


Vapor-Liquid Composition Curves for Aqueous 


Propylene Glycol Solutions (23) 
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Table 7.136: Vapor-Liquid Composition Curves for Aqueous 


Temperature, Degrees Fahrenheit 


Dipropylene Glycol Solutions (23) 
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Table 7.137: Pour Points of Glycols (23) 


Ethyiene Glycol ...... <—75°F (– 59 С) 
біеіһуіеле Сіусо!..... —65°F (-54°C) 
Triethylene Glycol .... —73°F (- 58 С) 
Tetraethylene Glycol. . — 42°F (-—41°C) 
Propylene Glycol ..... -71%Ғ(-57%С) 
Dipropylene Glycol ... — 38°F (-39°C) 
Tripropylene Glyco! ... -42^F (-41*C) 


Table 7.138: Viscosities of Anhydrous Glycols (23) 
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Table 7.139: Viscosities of Aqueous Ethylene Glycol 
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Table 7.141: Viscosities of Aqueous Triethylene Glycol 


Viscosity, Centipoises 


Solutions (23) 
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Table 7.143: Viscositles of Aqueous Propylene 


Viscosity, Centipoises 


Glycol Solutions (23) 
Degrees Centigrade 
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Table 7.142: Viscosities of Aqueous Tetra- 
ethylene Glycol Solutions (23) 


Degrees Centigrade 


Viscosity, Centipoises 





Temperature, Degrees Fahrenheit 


200 


Table 7.144: Viscosities of Aqueous Dipropylene 
Glycol Solutions (23) 


Degrees Centigrade 
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Table 7.145: Viscosities of Aqueous Tripropylene 


Viscosity. Centipoises 


Glycol Solutions (23) 


Degrees Centigrade 





Temperature, Degrees Fahrenheit 


Table 7.146: Freezing Points of Aqueous Glycol Solutions (23) 


Temperature, Degrees Fahrenheit 
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Table 7.147: Specific Heat of Anhydrous Giycols (23) 


Degrees Centigrade 
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Table 7.148: Specific Heats of Aqueous Glycol Solutions Table 7.149: Densities of Aqueous Ethylene Glycol Solutions 
(Btu/ib/°F) (23) (% by wt) (23) 


Glycol, % by Weight Degrees Centigrade 


























Temp. °F Temp. °С 
100 80 60 40 20 10 -40 -30 -20 -10 0 9 ж 9 9 9 % 70 80 
ETHYLENE GLYCOL PIS 
60 .563 660 757 855 940 976 156 
80 576 673 769 864 942 977 267 11400 
100 590 685 780 872 944 978 378 
120 604 697 792 880 946 979 489 
140 618 710 803 888 948 980 600 1.1300 
160 632 722 814 896 950 981 711 
180 646 735 825 905 952 982 82 2 
200 660 748 837 1914 954 982 93 3 1.1200 
220 674 2761 849 922 956 983 104.4 
240 688 774 861 930 958 984 115 5 
1 1100 
DIETHYLENE GLYCOL 
60 543 631 736 849 922 949 15.6 ба 
80 555 645 749 855 927 954 267 | 
100 565 659 762 861 .932 960 378 
120 575 672 714 868 937 965 48 9 = 10900 
140 583 686 787 874 943 970 600 Е“ с 
160 593 700 800 880 948 975 711 5 9 
180 603 714 813 886 954 980 822 à- | 0800 5 
200 613 728 826 893 960 985 933 a! = 
220 623 742 839 900 965 990 104 4 Е £ 
240 634 756 852 907 971 995 1155 © 10700 2 
TRIETHYLENE GLYCOL > е 
60 525 637 749 866 935 979 156 е 10600 е 
80 534 648 758 872 938 980 267 B 
100 540 659 768 878 941 981 378 
120 550 669 777 884 944 981 489 1.0500 
140 562 680 787 890 946 982 600 
160 569 .690 796 895 949 983 711 
180 577 701 806 901 952 984 822 10400 
200 586 711 815 907 .955 .985 933 | 
220 595 ‚722 ‚825 913 ‚957 .985 104 4 
240 605 782 834 919 960 986 1155 1.0300 
PROPYLENE GLYCOL 
60 587 687 795 900 970 985 156 10200 
80 603 702 808 907 972 986 267 
100 619 ‚717 821 913 975 988 37.8 
120 635 733 833 919 977 990 489 1.0100 
140 651 748 846 925 980 ‚991 600 
160 .667 ‚763 857 ‚930 983 ‚992 711 
180 683 778 .871 .936 984 .994 822 1.0000 
200 699 .794 882 944 987 ‚995 933 
220 715 809 895 949 990 996 104 4 
240 731 .824 907 ELT .993 .998 1155 0.9900 
DIPROPYLENE GLYCOL -40 -2 0 20 40 60 80 19 10 19 160 180 
Temperature, Degrees Fahrenheit 
60 570 687 801 900 967 985 15.6 
80 582 698 810 905 970 986 26 7 
100 594 708 819 .910 972. 988 37.8 
120 606 718 828 915 974 990 489 
140 618 728 836 920 976 ‚991 600 
160 631 739 845 924 978 993 711 
180 644 749 854 929 980 995 822 
200 656 760 863 934 983 997 93 3 
220 668 770 872 930 985 998 104 4 


240 680 781 881 944 988 999 1155 


зоодривц яиәа05 |01418трШ |І — 9[p 


Density, Grams Per ml 


Table 7.150: Densities of Aqueous Diethylene Glycol 
Solutions (% by wt) (23) 


Degrees Centigrade 
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Table 7.151: Densities of Aqueous Triethylene Glycol 
Solutions (% by wt) (23) 


Degrees Centigrade 
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- Table 7.152: Densities of Aqueous Tetraethylene Glycol 


Density, Grams Per ml 


Solutions (% by wt) (23) 


Degrees Centigrade 


Temperature, Degrees Fahrenheit 
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Table 7.153: Densities of Aqueous Propylene Glycol 
Solutions (% by wt) (23) 


Degrees Centigrade 
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Table 7.155: Densities of Aqueous Tripropylene Glycol 
Solutions (% by wt) (23) 


Table 7.154: Densities of Aqueous Dipropylene Glycol 
Solutions (% by wt) (23) 
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Table 7.157: Flammability of Glycols (23) Table 7.158: Refractive indices of Aqueous Glycol 
Solutions at 77°F (25°C) (23) 





Flash Point Fire Point 
Glycol | | | 
ЈЕ °С ЈЕ “с 
Етуіеле Сіусо! ....................... 240 116 245 119 
біеіһуіөле Сіусо! ..................... 255 124 290 142 
Triethylene Сіусо!..................... 350 177 330 166 x 
79 
Tetraethylene б!усо! .................. 400 204 375 191 = 
> 
Ргорујепе бјусо!...................... 220 104 220 104 5 
Dipropylene Glycol .................... 260 127 260 127 d 
Tripropylene Glycol ................... 285 141 310 154 
Note: Flash points are determined by 
the ASTM Pensky-Martens Closed Cup 
Method and fire points by the ASTM 
Cleveland Open Cup Method. 
Glycol, Weight Percent 
Table 7.159: Conversion Chart for Aqueous Ethylene Table 7.160: Conversion Chart for Aqueous Diethylene 


Glycol Solutions (23) Glycol Solutions (23) 


| VOLUME PERCENT VS | 
_|_ WEIGHT PERCENT 
i VOLUME PERCENT VS 
WEIGHT PERCENT 


Volume Percent Glycol 
Mole Fraction Glycol 

Volume Percent Glycol 
Mole Fraction Glyco! 


MOLE FRACTION YS 
WEIGHT PERCENT 
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Table 7.162: Conversion Chart for Aqueous Tetraethylene 
Table 7.164: Conversion Chart for Aqueous Dipropylene 
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Table 7.161: Conversion Chart for Aqueous Triethylene 
Table 7.163: Conversion Chart for Aqueous Propylene 
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Table 7.165: Conversion Chart for Aqueous Tripropylene Glycol Solutions (23) 
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Table 7.166: Freeze Points and Burst Points of Aqueous Solutions (23) 
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Note: It should be remembered that the freezing points are the temperatures at which the first crystals form, 
and that even below these temperatures, a slushy solution exists which will still flow. 


Table 7.167: Solubility of Various Compounds in Glycols (23) 


S = Completely Soluble 
| = Insoluble 


< = Less Than 





> = Greater Than Glycol Glycol Сіусої 
репера расно наивни 5.7 31.3 5 
Сафоп Тегаспопде"................ б.2 26.2 33.6 
Dibutyl Phthalate ..................... 0.5 10.6 16.5 
Dichloroethyl Ether ................... 10.6 9 9 
Diethanolamine' ...................... S S S 
DOWANOL* PM Glycol Ether'....... 9 9 9 
DOWANOL* DPM Glycol Ether’..... S 5 5 
Еу АСоНо!.......................... 5 5 5 
EIRY о or E te eden 8.2 16.3 16.9 
Међу! Ајсоћо!........................ 5 5 5 
Methyl Isobutyl Carbinol ... .......... 9 9 9 
Methyl Isobutyl Ketone. .............. 12 9 9 
Monochlorobenzene ................. 5.7 S S 
Monoethanolamine'.................. S 5 5 
ortho-Dichlorobenzene .............. 45 48.4 5 
Регсћогоећујепе' ................... 0.7 10.7 15.0 
РЕ оо аниса 5 5 5 
5їугепе!................................ 3.4 36 5 
TOENE а не анда 2.9 17.2 24.8 
ИГРА Т 48 30 37 
Castor Ol ооо гомо 1 <0.5 <0.5 
Coconut OIL... secti първи бъда 1 1 1 
Cottonseed Of ....................... 1 1 1 
Нуагоиѕ Моо! Еаї.................... <0.5 <0.5 <0.5 
Сага: Ой. аан і 1 1 
Linseed ОИ ........................... 1 1 1 
Oiticica Qil re ter таи, <1 <1 <1 
Оһуе Ой............................... 1 1 1 
Ре с не ван са 5 5 5 
зоуа Веап ОНП........................ 1 1 1 
Sperm Oil............... MNT 1 1 1 
а E «1 «1 «1 
ЛИПОМ основни сване виша њој 1 1 1 
Turkey Red Oil ....................... «1 <1? 1: 
Рагаїйп Ой............................ 1 1 1 
ЗАЕ Мо.1001....................... 1 1 1 
VMP Мартћа ........................ <1 <1 <1 
Апта! Сме (Огу).................... <0.5 «0.5 «0.5 
Пех eid verbere o toot edant «1 «1 «1 
чт Оатаг .......................... <0.5 <0.5 <0.5 
Каий СШт............................ <0.5 <0.5 <0.5 
Sudan а еее <0.5 <0.5 <0.5 
SOMA oi кока дова ықы «0.5 «0.5 «0.5 


' Product of The Dow Cremical Company 
? Forms stable emulsion from this concentration to 100% 
* Becomes too viscous to stir beyond 16%. 
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Specific Heat of Anhydrous Glycols (23) 
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Viscosity of Anhydrous Glycols (23) 
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Table 7.168 
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Temperature, Degrees Fahrenheit 


Chemical] formula 
CAS # 
HMIS rating: 


Health hazard 


Table 7.170: Technical Data: Ethylene Glycol Products (27) 


СНО, 
107-21-1 
^ 
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СНО, 
112-27-6 


Еге Пагага 

Reactivity 0 
Molecular weight 62.07 106.1 150.17 
Specific gravity at 20/20°C 1.1154 1.118 1.125 
Weight/gal (US) in Ibs at 20°C 9.28 9.31 9.36 
Refractive index at 20°C 1.4316 1.447 1.4559 
Viscosity at 20°C, cP 21 54 64 
Flash point (PMCC), °F (°C) 244 (118) 280 (138) 340 (171) 
Boiling point, °C (°F) 197.6 (387.1) 245 (473) 287.4 (549.5) 
Freezing point, °C (°F) -13 (8.6) -8 (17.6) -7.2 (19) 
Vapor density 2.1 2.14 5.2 
Explosive limits: Lower (96) 3.2 1.6 0.9 

Upper (96) 15.3 10.8 9.2 
Autoignition temperature, °F (°C) 752 (399} 442 (227) 699 (370) 
Vapor pressure at 20°C, mm Hg 0.06 <0.01 < 0.01 
Surface tension at 20°C, dyne/cm 48.4 44.7 45.2 
Specific heat at 20°C, cal/g/°C 0.56 0.50 0.53 
Coefficient of expansion, per °C 0.00062 0.00064 0.00068 

(10° - 40°C) 





Table 7.171: Ethylene Glycol Compatibility (27) 


Acceptable Metals Acceptable Non-Metals 


Aluminum (to 100°F) Butyl GR- 1 (IIR) 

Brass (to 80?F) Carbon graphite resin impregnated 

Bronze Chlorinated Polyether 

Carbon steel (to 100?F) CPVC 

Hastelloy Ве Ethylene Propylene Diene (EPDM) 
Hastelloy C® Epoxy Compounds 

High silicon iron Ethylene-Terefluoroethylene (ETFE, Tefzel®) 
Іпсопе]е Fluorinated Ethylene Propylene (FEP) 

Lead (to 90°F) Fluoroelastomers (FKM, Viton A®, Fluorel*) 
Monel® Furfura! Alcohol (Furans) 

Nickel Modified Phenylene oxide (Noryl®) 

Nickel resist Natural Rubber 

304/347 Stainless steel Perfluoroalkoxy (PFA) 

Perfluoroelastomers (FPM, Kalrez*, Chemraz®, Kel-F*) 
Phenolics 

Polyamides (Nylon* 12, Nylon* 66) 


316 Stainless steel 
20Cb3 Stainless steel 
Tantalum (to 90?F) 
Titanium Polybutadiene (Isoprene) 


Zirconlum Polychloroprene (Neoprene*) 

Polyester Terephthalate (PET) 
Polyethylene 

Polypropylene 

Polystyrenes 

Polysulfones 

Polyphenylene Sulfides (Ryton*} 
Polyvinylidene fluoride (PVDF, Kynar?) 
Silicone Rubbers 

Vinyl Ester 





Registered Trademarks 


Teflon? , Kalrez*, Nylon® Registered trademark of E. I. du Pont de Neumols 
Neoprene®, Tefzel®, Viton A® Registered trademark of E. 1. du Pont de Neumois 
Chemraz® Registered trademark of Green, Tweed & Co., Inc. 
Випа-Ме Registered trademark of Mobay Corporation 
Hastelloy B®, Hastelloy C* Registered trademark of Cabot Corporation 
Inconel*, Monel® Registered trademark of Inco Alloys International 
Fluorel®, Kel-F® Registered trademark of 3-M Corporation 

Noryle Registered trademark of General Electric Co. 
Ryton® Registered trademark of Phillips Petroleum Corp. 
Kynar® Registered trademark of Pennwalt Corporation 
















Table 7.172: Weight per Gallon at Various Temperatures (Ib) (27) 


Temperature, °F 


Table 7.173: Weight Percent vs Volume Percent Aq. Monoethylene 
Glycol Solutions, 20°C (27) 








Table 7.174: Specific Gravity vs Composition @ Various 
Temperatures of Aqueous MEG Solutions (27) 
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Specific Gravity vs Composition @ Various 


Table 7.176 


Specific Gravity vs Composition @ Various 


Table 7.175 


Temperatures of Aqueous TEG Solutions (27) 


Temperatures of Aqueous DEG Solutions (27) 
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Table 7.177: Boiling Point @ 760 mm Hg vs Composition of 
Aqueous Glycol Solutions (27) 
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Table 7.178: Freezing Point vs Composition of Aqueous 
Glycol Solutions (27) 


Freezing Point. °F 
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Table 7.179: Vapor Pressure vs Temperature of the Glycols (27) 


Vapor Pressure, mm Hg 
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Table 7.180: Viscosity vs Temperature of the Glycols (27) 
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Table 7.181: Fire Hazard Information (23) 


Flammable Limits Auto- 


Vol % Ignition NFPA’ Hazard identification Flash Point 
Glycol - Lower Upper Temp*F' Health Flam. Reactivity F^ C 


Ethylene Glycol 3.2 - 748 1 1 247 119 
Diethylene Glycol - - 435 1 1 281 138 
Triethylene Glycol 0.9 ; 700 163 


400 204 


1 

Tetraethylene Glycol 1 
Propylene Glycol 2.6 700 0 218 103 

0 

0 


Dipropylene Glycol 121 
Tripropylene Glycol 141 


‘In presence of air 
МЕРА — Nationat Fire Protection Association 





Table 7.182: Acute Oral Toxicity (23) 


LDs, Values for Various Glycols 
Single Doses to Rats 


LDso 
Glycol gm/kg 
ЕІЛУЮПе аео 6.1 
ЁС зу ЖККУ Г ЛТ 16.6 
ШЕШПИЕЛЕ:; зрео: 22.0 
iulio оне 32.8 
Реоруепе TEM 33.7 
В И 14.8 
ТЕРРОР ани 3.01 
tLargest dose survived by all rats tested: 10.0 gm/kg resulted in the death of al! 


the rats tested. 


Table 7.183: Environmental Considerations, Biodegradation (23) 


Biodegradation 
ThOD' ВОО"-20 Day 
Ethylene Glycol 1.29р/р: 1.15р/р 
Diethylene Glycol 1.51 
Triethylene Glycol 1.60 


Tetraethylene Glycol 1.65 
Propylene Glycol 1.68 
Dipropylene Glycol 1.91 
Tripropylene Glycol || 1.38 
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Table 7.184: Ethylene Glycols: Products, Grades and Specifications (27) 


Specification MEG MEG MEG | 
High Purity Fiber Industrial 
99.9 


MEG, wt % min 99.9 

DEG, wt % max 0:95 
Other glycols, wt % max 
Color, APHA max 
Acidity, wt % as Acetic Acid, max 
Ash, wt % max 
























Chlorides (ав СІ), ppm max 

Iron, ppm max 

Water, wt % max 

Specific resistivity, ohm-cm, min 
UV transmittance, !/cm 
350 mu %T min 
275 mu %T min 
220 mu %T min 
Distillation range, °C(°F} 
Initial boiling point 
Dry point 


Specifications DEG DEG TEG TEG 
Polyester | Industrial Industrial Gas Treat. 


MEG, wt 96 0.2 max 0.5 max 

DEG, wt 96 99.3 min 99.0 min 

TEG. wt 96 0.3 max 0.5 max 

Other glycols 1.0 
Color, APHA max 15 25 
Color, sulfuric test APHA 

Acidity, wt 96 as Acetic Acid, max 0.005 
Ash, wt 96 max 0.005 

























193(379) 
201(394) 


190(374) 
250(482) 





Water, wt 96 max : 0.2 0.1 
Distillation range, °C(°F) 
Initial boiling point 242(468) 278(532) 
Dry point 250(482) 300(572) 





Specifications are subject to change. This section is intended for comparison use only. Please contact 
your sales representative or Technical Service for the current sales specification. 


Table 7.185: Ashland Glycols (69) 














LB./GAL. SP. GR. BOILING RANGE 

PRODUCT 20°C 20°/20°C ме °F 

Propylene Glycol 8.64 |. 1.098 186-190 367-374 225 
‚ Ethylene Glycol 9.28 1.115 193-204 379-399 240 

Hexylene Glycol 7.68 0.923 196-199 385-390 215 

Dipropylene Glycol 8.51 1.023 228-236 442-457 280 

Diethylene Glycol 9.31 1.119 240-250 464-482 290 

Tripropylene Glycol 8.52, 1.023 263-280 505-536 310 





Triethylene Glycol 9.36 1.125 278-300 532-572 330 


POLYOLS 





~ ETHYLENE G GLYCOL 
DIETHYLENE GLYCOL | 


TRIETHYLENE GLYCOL 


~ PROPYLENE GLYCOL 2 
DIPROPYLENE GLYCOL 
TRIPROPYLENE GLYCOL 


1-3 BUTYLENE GLYCOL 


Tabie 7.186: Chemcentral Polyols (67) 






1638-16-0 


107-88-00 









ee eee 
















~ HEXYLENE GLYCOL 

— GLYCERINE SYNTHETIC 
GLYCERINE SYNTHETIC U.S.P. 

. GLYCERINE SYN 99.5* U.S.P 

а 
| POLYGLYCOL E300 


POLYGLYCOL E400 & E400 NF. 


POLYGLYCOL £600 
| POLYGLYCOL £ 1000 
, POLYGLYCOL E 1450 


| POLYGLYCOL E4500 
— POLYGLYCOL P 425 
 POLYGLYCOL P-1200 — — 
~ POLYGLYCOL P-2006 — 

"POLYGLYCOL P-4000 
| POLYGLYCOL 15-200 - 


| POLYGLYCOL 1122 


















Vapor 
POLYOLS На 
mm Hg 
ETHYLENE GLYCOL 012 
DIETHYLENE GLYCOL 001 
TRIETHYLENE GLYCOL oor | 
PROPYLENE GLYCOL 1 0 22 
 DIPROPYLENEGLYCOL | ооз 
| TRIPROPYLENE . ибо | 50000 
! 3 BUTYLENE GLYCOL |. 096 
HEXYLENE GLYCOL | oos 
GLYCERINE SYNTHETIC | - 001 
_GLYCERINE SYNTHETICUSP | | 
GLYCERINE SYN 995%. SP — тӘ. 
J POLYGLYCOL E200 00! 
POLYGLYCOL E300 | | | | | | оо 
| POLYGLYCOL £400 & & E400 | ме | соо 
 POLYGLYCOLEG00 £| <001 ~~ 
POLYGLYCOLF1000 4 И 5 ве | 
ГРОГУСІУСО 61450 | ооз 
_POLYGLYCOL E4500 ј go 
POLYGLYCOL P425. | сот _ 
РОГУС(УСОГ Р-1200 7 ЧИ _ 40.01 _ 
_ РОЕУбЕУСОЕ Р-2000 | enue a бо 
POLYGLYCOLP-4000 — а: оо 
POLYGLYCOL 15-200 - . 001 
 POlYGLYCOL 33122 | соо 
*20;20*C +20°C 






































'Pensky- Martens 











% Refrac- Distillation Range 
Purity tive @ 760mm Hg 
Comm index 
Prod. с: 2596. 
1430 197-204 387-399 
1446 245.255 | 473491. 
1454 | 286. 300 "| 546572 
1431 ] 187.190. 369-374 
1433 | 231238 | 4 
1442 268275. | 514-527. 
1440 [| 200215 392-419. 
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ces (o "lor | 
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333 | To 0.53 T 320 09 ETE (4071 
426 oo 0.60. Supercoais 215 26 125 | 156 
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Table 7.187: Hoechst Celanese 1,3-Butylene Glycol (42) 
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Physical Properties 
Autoignition Temperature, °C 393.9 
Boiling Point at 760 mm Hg, °C 207.5 
Boiling Point at 760 mm Hg, °F 405.5 
Critical Pressure, atmospheres 49.4 
Critical Temperature, °C 370.0 
Evaporation Rate (BuAc = 1) Nil 
Flash Point, Tag Open Cup, °F 250 
Tag Closed Cup, °F 228 
Freezing Point, °C -50 
Heat of Combustion, kcal/mole at 
constant volume 594.7 
Heat of Vaporization, btu/b at 
normal boiling point 279 
Hygroscopicity, water absorbed in 
144 hours, 25-28°C 
at 81 percent relative 
humdity,wt?6 38.5 
at 47 percent relative 
humidity, wt% 12.5 
at 20 percent relative 
humidity, wt% 4.3 
Molecular Weight 90.12 
Refractive Index n® 1.4412 
Solubility at 20°C, wt % 
in alcohol, ether, water Complete 
Specific Gravity, 20/20°C 1.005 
Specific Heat of Liquid, МиЛЬЮЕ 
at 68°F 0.505 
Surface Tension in Air at 25°C, 
dynes/cm 37.80 
Vapor Density (air = 1) 3.20 
Vapor Pressure, 20°C, mm Hg 0.06 
Viscosity at 25°C, centipoise 103.9 
Weight, pounds per gallon 
at 20°C (68°F) 8.37 


Table 7.188: Occidental Ethylene Glycol 


¢ Monoethyliene Glycol 
(MEG or EG) 

Synonyms for monoethylene 
glycol include: ethylene glycol, 
1,2-ethanediol, dihydrox- 
yethane, ethylene alcohol, glycol 
alcohol, ethylene dihydrate, and 
glycol. 


• Diethylene Glycol 
(DEG) 

Synonyms for diethylene gly- 
col include: 2,2’-oxybisethanol, 
2,2'-oxydiethanol, bis(2-hydrox- 
yethyl ether, diglycol,and 2,2"- 
dihydroxydiethy] ether. 


e Triethylene Glycol 
(TEG) 

Synonyms for triethylene gly- 
col include: 1,2-bis (hydrox- 
yethoxy) ethane, 3,6-dioxaoc- 
tane-1,8-diol, triglycol, and 
2,2'-ethylenedioxydiethanol. 
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GLYCEROL (GLYCERINE) 


1, 2, 3- Propanetriol 


СН2ОН- СНОН-СНЈОН 


Table 7.189: Physical Properties and Specifications of Glycerol (32) 


Acidity 

Ash | 

Auto ignition point (on glass) 
Boiling point at 760 mm. Hg 


Boiling points at low pressures: 
at 1 mm. 
5 тт. 
10 mm. 
20 mm. 
40 mm. 


Chlorine 


Color, Pt-Co (Hazen) standards 
Fatty acids, mez/100 g. 
Fire point 


Flash point, tag open cup 
tag closed cup 


Freezing point 


Glycerol 


*D. R. Stull, Ind. Engl. Chem., 39, 517 (1947). 
fACS Monograph, Ne 117. 


Table 7.190: Bolling Points and Specific Gravities of Aqueous Glycerol Solutions (23) 


1280 
Ж 1260 
р РОН НЕ м с 
eam c с Б Гн 
У В Б АБ, БР I 
зн НН НЕ ЕН) ГЕНИ ЕЕ КЕ 
шк ы Б РН | 
Sd gs 
Тыш E lg 
sup poc X 
ы саса с к ИА 
E wes > — и АСД 

mL Ir 


0 


Neutral to litmus 
0.01% by wt., max. 


Heat of fusion 


Latent heat of vaporization at 55* C 


at 196° C 


804° Ft 

290° C* Melting point 

125.0* C Molecular weight 

153.8“ С Refractive index at 26° F 
167.2“ С 

182.2" С Specific gravity at 26/26° C 
198.0“ С 


Specific heat at 26° C 
0.0005% by wt., max. 


Surface tension at 20° C 
20 max, 


90 С 
1 тах. 150" С 
Vapor pressure at 20* C 
400* Ff 200* C 
350* Ff Viscosity at 25* C 
320* Ff 
11.9* c* Weight per gallon at 25* C 


99.5% by wt., min. (ep. gr. at 
20* C, in air 1.2626)* 
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Table 7.191: Conversion Chart for Aqueous Glycerol Solutions (25°C) (23) 











EX ОРТ: 
а-а 
80 08 
x 10 от У 
e 9 
~ 
з 9 06 & 
- Ж 
Е 50 05 2 
2 < 
№ 40 04 & 
~ ім 
| 3 3 03 s 
20 02 
Юю 01 
0 0 
0 0 2 30 40 50 60 70 80 90 109 


WEIGHT PERCENT GLYCERINE 


41.5 cal./g. 
228.7 g.-cal./g. 
197.3 g.-cal./g. 
17.9* C* 


82.094 
1.41221 


1.2621 
0.577 cal./g. 'Cf 
63.3 dynes/cm. 


58.6 dynes/cm. 
51.9 dynes/cm. 


0.0016 mm. Hg 
42 mm. Hg 


945 cp.f 


10.50 Ib. 
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Table 7.192: Density of Giycerol-Water (23) 





Glycerol Density at Glycerol Density at | 

(X) со 30°C 

100 1.26415 | 1.26381 | 1.26108 | 1.25802 | 1.25495 1.12870 | 1.12845 | 1.12630 | 1.12375 | 1.12110 
99 1.26160 | 1.26125 | 1.25850 | 1.25545 | 1.25235 1.12600 | 1.12575 | 1.12360 | 1.12110 | 1.11845 
98 1.25900 | 1.25865 | 1.25590 | 1.25290 | 1.24975 1.12325 | 1.12305 | 1.12090 | 1.11840 | 1.11580 
97 1.25645 | 1.25610 | 1.25335 | 1.25030 | 1.24710 1.12055 | 1.12030 | 1.11820 | 1.11575 | 1.11320 
96 1.25385 | 1.25350 | 1.25080 | 1.24770 | 1.24450 1.11780 | 1.11760 | 1.11550 | 1.11310 | 1.11055 
95 1.25130 | 1.25095 | 1.24825 | 1.24515 | 1.24190 1.11510 | 1.11490 | 1.11280 | 1.11040 | 1.10795 
94 1.24865 | 1.24830 | 1.24560 | 1.24250 | 1.23930 1.11235 | 1.11215 | 1.11010 | 1.10775 | 1.10530 
93 1.24600 | 1.24565 | 1.24300 | 1.23985 | 1.23670 1.10960 | 1.10945 | 1.10740 | 1.10510 | 1.10265 
92 1.24340 | 1.24305 | 1.24035 | 1.23725 | 1.23410 1.10690 | 1.10670 | 1.10470 | 1.10240 | 1.10005 
9] 1.24075 | 1.24040 | 1.23770 | 1.23460 | 1.23150 1.10415 | 1.10400 | 1.10200 | 1.09975 | 1.09740 
90 1.23810 | 1.23775 | 1.23510 | 1.23200 | 1.22890 1.10145 | 1.10130 | 1.09930 | 1.09710 | 1.09475 
89 1.23545 | 1.23510 | 1.23245 | 1.22935 | 1.22625 1.09875 | 1.09860 | 1.09665 | 1.09445 | 1.09215 
88 1.23280 | 1.23245 | 1.22975 | 1.22665 | 1.22360 1.09605 | 1.09590 | 1.09400 | 1.09180 | 1.08955 
87 1.23015 | 1.22980 | 1.22710 | 1.22400 | 1.22095 1.09340 | 1.09320 | 1.09135 | 1.08915 | 1.08690 
86 1.22750 | 1.22710 | 1.22445 | 1.22135 | 1.21830 1.09070 | 1.09050 | 1.08865 | 1.08655 | 1.08430 
85 1.22485 | 1.22445 | 1.22180 | 1.21870 | 1.21565 1.08800 | 1.08780 | 1.08600 | 1.08390 | 1.08165 
84 1.22220 | 1.22180 | 1.21915 | 1.21605 | 1.21300 1.08530 | 1.08515 | 1.08335 | 1.08125 | 1.07905 
83 1.21955 | 1.21915 | 1.21650 | 1.21340 | 1.21035 1.08265 | 1.08245 | 1.08070 | 1.07860 | 1.07645 
82 1.21690 | 1.21650 | 1.21380 | 1.21075 | 1.20770 1.07995 | 1.07975 | 1.07800 | 1.07600 | 1.07380 
81 1.21425 | 1.21385 | 1.21115 | 1.20810 | 1.20505 1.07725 | 1.07705 | 1.07535 | 1.07335 | 1.07120 
80 1.21160 ] 1.21120 | 1.20850 | 1.20545 | 1.20240 1.07455 | 1.07435 | 1.07270 | 1.07070 | 1.06855 
79 1.20885 | 1.20845 | 1.20575 | 1.20275 | 1.19970 1.07195 | 1.07175 | 1.07010 | 1.06815 | 1.06605 
78 1.20610 | 1.20570 | 1.20305 | 1.20005 | 1.19705 1.06935 | 1.06915 | 1.06755 | 1.06560 | 1.06355 
77 1.20335 | 1.20300 | 1.20030 | 1.19735 | 1.19435 1.06670 | 1.06655 | 1.06495 | 1.06305 | 1.06105 
76 1.20060 | 1.20025 | 1.19760 | 1.19465 | 1.19170 1.06410 | 1.06390 | 1.06240 | 1.06055 | 1.05855 
75 1.19785 | 1.19750 | 1.19485 | 1.19195 | 1.18900 1.06150 | 1.06130 | 1.05980 | 1.05800 | 1.05605 
74 1.19510 | 1.19480 | 1.19215 | 1.18925 | 1.18635 1.05885 | 1.05870 | 1.05720 | 1.05545 | 1.05350 
73 1.19235 | 1.19205 | 1.18940 | 1.18650 | 1.18365 1.05625 | 1.05610 | 1.05465 | 1.05290 | 1.05100 
72 1.18965 | 1.18930 | 1.18670 | 1.18380 | 1.18100 1.05365 | 1.05350 | 1.05205 | 1.05035 | 1.04850 
71 1.18690 | 1.18655 | 1.18395 | 1.18110 | 1.17830 1.05100 | 1.05090 | 1.04950 | 1.04780 | 1.04600 
70 1.18415 | 1.18385 | 1.18125 | 1.17840 | 1.17565 1.04840 | 1.04825 | 1.04690 | 1.04525 | 1.04350 
69 1.18135 | 1.18105 | 1.17850 | 1.17565 | 1.17290 1.04590 | 1.04575 | 1.04440 | 1.04280 | 1.04105 
68 1.17860 | 1.17830 | 1.17575 | 1.17295 | 1.17020 1.04335 | 1.04325 | 1.04195 | 1.04035 | 1.03860 
67 1.17585 | 1.17555 | 1.17300 | 1.17020 | 1.16745 1.04085 | 1.04075 | 1.03945 | 1.03790 | 1.03615 
66 1.17305 | 1.17275 | 1.17025 | 1.16745 | 1.16470 1.03835 | 1.03825 | 1.03695 | 1.03545 | 1.03370 
65 1.17030 | 1.17000 | 1.16750 | 1.16475 | 1.16195 1.03580 | 1.03570 | 1.03450 | 1.03300 | 1.03130 
64 1.16755 | 1.16725 | 1.16475 | 1.16200 | 1.15925 1.03330 | 1.03320 | 1.03200 | 1.03055 | 1.02885 
63 1.16480 | 1.16445 | 1.16205 | 1.15925 | 1.15650 1.03080 | 1.03070 | 1.02955 | 1.02805 | 1.02640 
62 1.16200 | 1.16170 | 1.15930 | 1.15655 | 1.15375 | 1.02830 | 1.02820 | 1.02705 | 1.02560 | 1.02395 
61 1.15925 | 1.15895 | 1.15655 | 1.15380 | 1.15100 1.02575 | 1.02565 | 1.02455 | 1.02315 | 1.02150 
60 1.15650 | 1.15615 | 1.15380 | 1.15105 | 1.14830 1.02325 | 1.02315 | 1.02210 | 1.02070 | 1.01905 
59 1.15370 | 1.15340 | 1.15105 | 1.14835 | 1.14555 9 1.02085 | 1.02075 | 1.01970 | 1.01835 | 1.01670 
58 1.15095 | 1.15065 | 1.14830 | 1.14560 | 1.14285 8 1.01840 | 1.01835 | 1.01730 | 1.01600 | 1.01440 
57 1.14815 | 1.14785 | 1.14555 | 1.14285 | 1.14010 7 1.01600 | 1.01590 | 1.01495 | 1.01360 | 1.01205 
56 1.14535 | 1.14510 | 1.14280 | 1.14015 | 1.13740 6 1.01360 | 1.01350 | 1.01255 | 1.01125 | 1.00970 
55 1.14260 | 1.14230 | 1.14005 | 1.13740 | 1.13470 5 1.01120 | 1.01110 | 1.01015 | 1.00890 | 1.00735 
54 1.13980 | 1.13955 | 1.13730 | 1.13465 | 1.13195 4 1.00875 | 1.00870 | 1.00780 | 1.00655 | 1.00505 
53 1.13705 | 1.13680 | 1.13455 | 1.13195 | 1.12925 3 1.00635 | 1.00630 | 1.00540 | 1.00415 | 1.00270 
52 1.13425 | 1.13400 | 1.13180 | 1.12920 | 1.12650 2 1.00395 | 1.00385 | 1.00300 | 1.00180 | 1.00035 
51 1.13150 | 1.13125 | 1.12905 | 1.12650 | 1.12380 1 1.00155 | 1.00145 | 1.00060 | 0.99945 | 0.99800 

0 


0.99913 


0.99905 


0.99823 





0.99708 


0.99568 
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Table 7.193: Freezing Points of Glycerol-Water Solutions (23) 
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Table 7.194: Freezing Points of Glycerol-Water Solutions (23) 


Glycerol by We Freezing Points Glycerol by Wt. Freezing Points 
(%) Water (%) (°C) (%) Water (%) (°C) 
0 


0.08 





— 43.0 

5.0 - 0.0 | - 44.5 
10.0 i — 1.6 - 44.7 
11.5 і - 2.0 - 46.5 
15.0 — 3.1 — 45.5 
20.0 -48 - 44.5 
22.6» е - 6.0 | — 44.0 
25.0 -70 | — 38.9 
30.0 -95 = 51) 
33.3 — 29.8 
35.0 — 28.5 
40.0 — 22.0 
44,5% - 20.3 
45.0 — 10.5 
50.0 — 10.9 
53.0» - 1.6 
55.0 - 1.0 
60.0 7.7 
60.45 7.5 
64.05 13.5 
64.75 17.0 


Taken from literature. 
PActual determination. 
Remaining values were interpolated from curve. 


Table 7.195: Viscosity of Aqueous Glycerol Solutions Centipoises (23) 


Temperature (°C) 


1.005 | _ 0. | } | : 0.2838 
1.31 9: : і - 
1.70 4 й ; d 6: - 
2.50 | , | | 0.690 " 
3.72 | ; ; 2 | 0.918 0.668 
6.00 2 | | 5: 1.25 0.910 
10.8 ; | | | | 1.84 1.28 
15.2 : i | 2.28 1.55 
17.7 2 2: 2.50 1.68 
225 | | ' | 2.90 1.93 
35.5 | i і 3.80 00 -| 2.43 
60.1 | 33. | | | 5,13 | 3,8 
109 3. | 7.28 4.24 
219 | 35. | 11.0 6.00 
259 : i 11.9 6.40 
310 | | 9. 13.1 6.82 
367 | | 14.4 7.54 
437 | 3. 15.8 8.19 
53. | : 17.5 9.08 
624 | ; 19.6 10.1 
765 | 219 10.9 
939 | 24.8 12.2 
1150 | 278 13.3 
1410 6 |319 14.8 





"Viscosity of water taken from "Properties of Ordinary Water-Substance;' N.E. Dorsey, p. 184. New York (1940) 
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Table 7.196: Hygroscopicity Curves for Glycerol Table 7.197: Hygroscopicity Curves for Glycerol 
and 1,3-Butylene Glycol (42) and 2,3-Butylene Glycol (42) 


AT 25°C АМО 75% RELATIVE HUMIDITY 
АТ 25°C AND 50% RELATIVE HUMIDITY 


CP GLYCERINE 


1,3 BUTYLENE GLYCOL 


2,28UTYLENE GLYCOL 





50 100 150 200 250 300 350 400 459 


HOURS 





Table 7.198: Relative Humidities Over Aqueous Glycerol! Solutions, 20° to 100°C (23) 
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Table 7.199: Solubility of Sucrose and Dextrose in Aqueous Glycerol at 15°, 24°, and 35°C (32) 







€— —9 SUCROSE 
о---о DEXTROSE 


SENT OF SUGAR % SOLUTION 


WEIGHT PER 


г 


0 ( 0 0 0 60 
WEIGHT PER CENT OF GLYCEROL IN SOLVENT 


Table 7.200: Solubility of Various Compounds in Glycerol (32) 


Solubility in 


Glycerol 
Substance Concentration Temperature Parts per 
% Weight C 100 Parts 
of Solvent 
Alum 1 15 40 
Ammonium carbonate 1 15 20 
Ammonium chloride 1 15 20.06 
Atropine t 15 3 
Benzoic acid 98.5 -- 2 
Boric acid 98.5 20 24.80 
Calcium hydroxide 35 25 1.3 
Calcium hypophosphite 99.04 20 2.5 
Calcium sulfate t 15 §.17 
Codeine hydrochloride 99.04 20 11,1 
Ethyl ether 99.04 20 0.65 
Ferrous sulfate t 15 25 
Guaiacol 99.04 20 13.1 
Iodine t 15 2 
lodoform 95 15 0.12 
Iron and potassium tartrate t 15 8 
Iron lactate 1 15 16 
Morphine acetate t 15 20 
Novocaine 99.04 20 11.2 
Phenacetin 99.04 20 0.47 
Phenol 99.04 20 276.4 
Potassium iodide t 15 39.72 
Quinine sulfate 98.5 -- 1.32 
Salicin t 15 12.5 
Sodium bicarbonate 1 15 8.06 
Sodium carbonate (crystals) t 15 98.3 
Sodium tetraborate (borax) t 15 60 
Tannic acid t 15 48.8 
Tartar emetic t 15 5.5 
Urea 1 15 50 
Zinc chloride t 15 49.87 
Zinc iodide t 15 39.78 


fGlycerol concentration not specified, probably 95 to 100 per cent. 
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Table 7.201: Specific Gravity and Percent Glycerol (32) 


Apparent Specific Gravity Apparent Specific Gravity 
Glycerol Glycerol 
15/15" С 15.5/15.5" С 20/20" С 25/25"С 15/15" С 15.5/15.5° C 20/20" С 25/25" С 
Рег Сепі Per Cent 

100 1.26557 1.26532 1.26362 1.26201 50 1.12985 1.12970 1.12845 1.12720 
99 1.26300 1.26275 1.26105 1.25945 49 1.12710 1.12695 1.12570 1.12450 
98 1.26045 1.26020 1.25845 1.25685 48 1.12440 1.12425 1.12300 1.12185 
97 1.25785 1.25760 1.25585 1.25425 47 1.12165 1.12150 1.12030 1.11915 
96 1.25525 . 1.25500 1.25330 1.25165 46 1.11890 1.11880 1.11760 1.11650 
95 1.25270 1.25245 1.25075 1.24910 45 1.11620 1.11605 1.11490 1.11380 
94 1.25005 1.24980 1.24810 1.24645 44 1.11345 1.11335 1.11220 1.11115 
93 1.24740 1.24715 1.24545 1.24380 43 1.11075 1.11060 1.10950 1.10845 
92 1.24475 1.24450 1.24280 1.24115 42 1.10800 1.10790 1.10680 1.10575 
91 1.24210 1.24185 1.24020 1.23850 41 1.10525 1.10515 1.10410 1.10310 
90 1.23950 1.23920 1.23755 1.23585 40 1.10255 1.10245 1.10135 1.10040 
89 1.23680 1.23655 1.23490 1.23320 39 1.09985 1.09975 1.09870 1.09775 
88 1.23415 1.23390 1.23220 1.23055 38 1.09715 1.09705 1.09605 1.09510 
87 1.23150 1.23120 1.22955 1.22790 37 1.09445 1.09435 1.09335 1.09245 
86 1.22885 1.22855 1.22690 1.22520 36 1.09175 1.09165 1.09070 1.08980 
85 1.22620 1.22590 1.22420 1.22255 35 1.08905 1.08895 1.08805 1.08715 
84 1.22355 1.22325 1.22155 1.21990 34 1.08635 1.08625 1.08535 1.08455 
83 1.22090 1.22055 1.21890 1.21720 33 1.08365 1.08355 1.08270 1.08190 
82 1.21820 1.21790 1.21620 1.21455 32 1.08100 1.08085 1.08005 1.07925 
81 1.21555 1.21525 1.21355 1.21190 31 1.07830 1.07815 1.07735 1.07660 
80 1.21290 1.21260 1.21090 1.20925 30 1.07560 1.07545 1.07470 1.07395 
19 1.21015 1.20985 1.20815 1.20655 29 1.07295 1.07285 1.07210 1.07135 
78 1.20740 1.20710 1.20540 1.20380 28 1.07035 1.07025 1.06950 1.06880 
77 1.20465 1.20440 1.20270 1.20110 27 1.06770 1.06760 1.06690 1.06625 
76 1.20190 1.20165 1.19995 1.19840 26 1.06510 1.06500 1.06435 1.06370 
75 1.19915 1.19890 1.19720 1.19565 25 1.06250 1.06240 1.06175 1.06115 
74 1.19640 1.19615 1.19450 1.19295 24 1.05985 1.05980 1,05915 1.05860 
73 1.19365 1.19340 1.19:75 1.19025 23 1.05725 1.05715 1.05655 1.05605 
72 1.19090 1.19070 1.18900 1.18755 22 1.05460 1.05455 1.05400 1.05350 
71 1.18815 1.18795 1.18630 1.18480 21 1.05200 1.05195 1.05140 1.05095 
70 1.18540 1.18520 1.18355 1.18210 20 1.04935 1.04935 1.04880 1.04840 
69 1.18260 1.18240 1.18080 1.17935 19 1.04685 1.04680 1.04630 1.04590 
68 1.17985 1.17965 1.17805 1.17660 18 1.04435 1.04430 1.04380 1.04345 
67 1.17705 1.17685 1.17530 1.17385 17 1.04180 1.04180 1.04135 1.04100 
66 1.17430 1.17410 1.17255 1.17110 16 1.03930 1.03925 1.03885 1.03850 
65 1.17155 1.17130 1.16980 1.16835 15 1.03675 1.03675 1.03635 1.03605 
64 1.16875 1.16855 1.16705 1.16560 14 1.03425 1.03420 . 1.03390 1.03360 
63 1.16600 1.16575 1.16430 1.16285 13 1.03175 1.03170 1.03140 1.03110 
62 1.16320 1.16300 1.16155 1.16010 12 1.02920 1.02920 1.02890 1.02865 
61 1.16045 1.16020 1.15875 1.15735 11 1.02670 1.02665 1.02640 1.02620 
60 1.15770 1.15745 1.15605 1.15460 10 1.024159 1.02415 1.02395 1.02370 
59 1.15490 1.15465 1.15325 1.15185 9 1.02175 1.02175 1.02155 1.02135 
58 1.15210 1.15190 1.15050 1.14915 8 1.01935 1.01930 1.01915 1.01900 
57 1.14935 1.14910 1.14775 1.14640 7 1.01690 1.01690 1.01675 1.01660 
56 1.14655 1.14635 1.14500 1.14365 6 1.01450 1.01450 1.01435 1,01425 
55 1.14375 1.14355 1.14220 1.14090 5 1.01210 1.01205 1.01195 1.01185 
54 1.14100 1.14080 1.13945 1.13815 4 1.00965 1.00965 1.00955 1.00950 
53 1.13820 1.13800 1.13670 1.13540 3 1.00725 1.00725 1.00720 1.00710 
52 1.13540 1.13525 1.13395 1.13265 2 1.00485 1.00485 1.00480 1.00475 
51 1.13265 1.13245 1.13120 1.12995 1 1.00240 1.00240 1.00240 — 1.00235 
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Table 7.202: Specific Gravities of Glycerol and Table 7.203: Specific Heat of Glycerol (23) 
Glycol Mixtures (23) 
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Table 7.204: Vapor Pressure of Glycerol (23) 


Temperature, Temperature, 
9 С е 





У.Р. тт. Не. V. P. mm. Hg. 

120 -- 210 63.8 

130 1.47 220 91.9 

140 2.61 230 130 

150 4.48 240 181 

160 7.44 250 248 

170 12.0 260 334 

180 18.9 270 445 

190 29.0 280 586 

200 43.4 290 760 
1000 диня mm Ж. 
8001——1—31—4 А -7H Table 7.205: Vapor Pressure of Glycerol- 
600 | Lo dc d у 


Water Solutions (23) 
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Table 7.206: Viscosity of Glycerol Solutions in Centipoises (23)(32) 


И Нисе 
Temperature *C. 


Glycerol 
% wt. 


ot 
10 
20 
30 
40 
50 
60 
65 
67 
70 
75 
80 
85 
90 
91 
92 
93 
94 
95 
96 
97 
98 


99 
100 


Temperature 
-5” 
Glycerol % Е.р 

10 -1.6” --- 
20 -4.8° ат 
30 -9.5° 6.5 
40 -15.4* 10.3 
50 -23.0“ 18.8 
60 -34.7° 41.6 
66.7 -46.5" 14.1 
70 -38.5° 110.0 
80 -20.3° 419.0 
90 -1.6* за 


0 


1.792 
2.44 
3.44 
5.14 
8.25 

14.6 
29.9 
45.7 
55.5 
76.0 
132. 
255. 
540. 
1310. 
1590. 
1950. 
2400. 
2930. 
3690. 
4600. 
5770. 
7370. 
9420, 
12070. 


10 20 
1.308 1.005 
1.74 1.31 
2.41 1.76 
3.49 2.50 
5.37 3.72 
9.01 6.00 
17.4 10.8 
25.3 15.2 
29.9 17.7 
38.8 22.5 
65.2 35.5 
116. 60.1 
223. 109. 
498. 219. 
592. 259. 
729. 310. 
860. 367. 
1040. 437. 
1270. 523. 
1580. 624. 
1950. 765. 
2460. 939. 
3090. 1150. 
3900. 1410. 


30 


0.8007 
1.03 
1.35 
1.87 
2.72 
4.21 
7.19 
9.85 
11.3 
14.1 
21.2 
33.9 
58.0 
109. 
127. 
147. 
172. 
202. 
237. 
281. 
340. 
409. 
500. 
612. 


о о о 
232 
e 


ооосошошо ч 


onone okee 


105. 
121. 
142. 
166. 
196. 
235. 
284. 


244.0 
631.0 
1046.0 


50 


0.5494 
0.680 
0.879 
1.16 
1.62 
2.37 
3.76 
4.89 
5.50 
6.61 
9.25 
13.6 
21.2 
35.5 
39.8 
44.8 
51.5 
58.4 
67.0 
77.8 
88.9 
104. 
122. 
142. 


пп M 


1398.0 


60 


0.4688 
0.575 
0.731 
0.956 
1.30 
1.86 
2.85 
3.66 
4.09 
4.86 
6.61 
9.42 
14.2 
22.5 
25.1 
28.0 
31.6 
35.4 
39.9 
45.4 
51.9 
59.8 
69.1 
81.3 


70 


0.4061 
0.500 
0.635 
0.816 
1.09 
1.53 
2.29 
2.91 
3.23 


43.6 
59.6 


80 


0.3565 0.3165 0.2838 


0.690 
0.918 
1.25 
1.84 
2.28 
2.50 
2.90 
3.80 
5.13 
7.28 
11.0 
11.9 
13.1 
14.4 
15.8 
17.5 
19.6 
21.9 
24.8 
27.8 
31.9 


90 


0.763 
1,05 
1.52 
1.86 
2.03 
2.34 
3.00 
4.03 
5.52 
7.93 
8.62 
9.46 
10.3 
11,2 
12.4 
13.6 
15.1 
17.0 
19.0 
21.3 


100 


6.40 
6.82 
7.94 
8.19 
9.08 
10.1 
10.9 
12.2 
13.3 
14.8 
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COMPARATIVE DATA 


Table 7.207: Emery CP/USP Glycerines (63) 














CAS No. 56-81-5, for both brands. 


SPECIFICATIONS 
Specific Residue ID Heavy Chlorinated Fatty 
Gravity Color on Chloride Sulfate Arsenic Metals Compounds Acids Readily 
Glycerol | 25/252С АРНА ignition PPM PPM PPM PPM PPM and Carbon- 
яж п | тах РРМ, тах тах тах тах. та. та. Бө ша 
бо В 960 12517 20 оо 2 1.5 5 30 10 =a 
с ЗОРИ В ве 12612 40 100 10 20 1.5 5 30 1.0 -з 
Ка арена > СРАЉР 607 12612 10' 100 10 20 15 5 30 10 = 
NGC. GP/USP - o9. 1.2615 10 100 5 20 1.5 5 30 0.18 = 
' Meets USP specification which is equivalent to 20 АРНА, 
? MI 0.5N NaOH per 50 g of glycerine. 
? Lighter than matching H fluid 
Table 7.208: Proctor & Gamble Glycerine (39) 
Glycerine 
(Ivorydale Production) 
Superol™ Star™ 
Glycerine-U. S.P. Glycerine-U. 22 
Food Grade Food Grade 
Glycerol (Bosart & 99.7% minimum 96% minimum 
Snoddy tables) (999) (96.3) 
Specific гону by 1.2613 minimum 1.2517 minimum 
density m (1.2618) (1.2524) 
at 3525C Urn 
Color, APHA Pt-Co 10 maximum 10 maximum 
(Hazen) scale (6) (5) 
Residve on ignition 0.007% or 70 ppm max 0.007% or 70 ppm max 
Chlorides (as chlorine) 0.001% or 10 ppm mox 0.001% or 10 ppm max 
Sulfates 0.002% or 20 ppm тох 0.002% or 20 ppm тох 
Arsenic (as As) 0.00015% or 1.5 ppm max 0.00015% or 1.5 ppm mox 
Heavy Metals (as Pb) 0.0005% or 5 ppm max 0.0005% or 5 ppm mox 
Chlorinated Compounds (as C) 0.003% or 30 ppm max 0.003% or 30 ppm max 
Fatty Adds and Esters Wo! more thon 0.3 ml. Not more than 0.3 ml. 
Ма NaOH is absorbed N/2 NoOH is absorbed 
by 50 g of glycerine, by 50 g of glycerine, 
which is equivalent fo which is equivalent to 
0.009% os No70, 0.009% as На40, 
(0.13) maximum (0.12) maximum 
Superol is also ovoilable in Kosher grade. 
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Table 7.209: Witco Refined Glycerine (26) 


HYDROGENATED TRIGLYCERIDES | 





Р SPECIFICATIONS TYPICAL CARBON CHAIN COMPOSITION 
(CTFA ADOPTED NAME) IOOINE ACID SAP ОМЅАР COLOR PoiNT*C | |. SATURATEO UNSATURATED | OTHERS 
PRODUCT CAS NUMBER VALUE VALUE VALUE МАХ MAX (TYPICAL) |C14 C16 C18 C20 C22 C18:1 
Neustrene Hydrogenated 18-30 6 188-201 1 3 47 8 34 18 11 5 17 7 
045 Marine Triglycerides Gardner 
(Hydrogenated Menhaden Oil) 

68424 -59-9 
Neustrene Hydrogenated 5 5 186-201 1 3 55 38 20 17 10 6 
053 Marine Triglycericles Gardner 

(Hydrogenated Menhaden Oi!) 

68002 -72-2 
Neustrene Hydrogenated 5 10 193-205 1 5 61 3 
059 Tallow Triglycerides Gardner 

(Hydrogenated Tallow Glycerides} 

67701-27-3 
Neustrene Refined Hydrogenated 1 2.5 193-205 1 5.0Y-O.5R} 62 3 
060 Tallow Trigtycerides Lovibond 

(Hydrogenated Tallow Glycericies) 

67701-27-3 
Neustrene Hydrogenated Soya Triglycerides 2 4 188-200 1 3 66 1 
оба" (Hydrogenated Soybean Oil} Gardner 

68002 -71-1 


* Also available in powder form. 
Typical molsture levels are below 0.3%. 











SPECIFICATIONS ** 
onl RESIDUE HEAVY CHLORINATED 
GLYCERINE DESCRIPTION | SPECIFIC ON IGNITION CHLORIDE SULFATE ARSENIC METALS COMPOUNDS X XSAP FATTY ACIDS 
(CTFA ADOPTED NAME) GRAVITY COLOR ppm 10 ppm 20 ррт — 1.5ppm S ppm 30 ppm EQUIVALENT AND 
PRODUCT** CAS NUMBER 25/25'C, MIN MAX MAX MAX MAX MAX MAX MAX MAX ESTERS*** 
Kemstrene 99,796 USP 1.2612 10 APHA 70 Pass Pass Pass Pass Pass Pass 
99.7% USP (Glycerine) 
§6-61-5 
Kemstrene 96.0% USP 1.25165 70 Pass Pass Pass Pass Pass Pass 
96.0% USP {Glycerine} 
56-81-5 
Kemstrene High Gravity 1.2587 700 100 ppm 0.05 Pass 
High Gravity* (Glycerine) 
56-81-5 


“USP glycerine meets USP standard for volatile organic compounds. 

* Witco only provides USP glycerine. Witco does not offer CP. 

* As per Federal Specification O-G-491c. 

** All tests run per U.S. Pharmacopoeia 23, 1995 edition. 

*** 1.0 трої 0.5N NaOH maximum ts required to neutralize 50 grams of glycerine. 


1,2,4-BUTANETRIOL 
HOCH2CHOHCH2CH20H 


Table 7.210: Physical Properties of 1,2,4-Butanetriol (32) 


Boiling point at 760 mm. Hg 312* C* | 
0.17 mm. Hg 116" С Purified 1,2,4-Butanetriol 
Fire point, Cleveland open cup 393° F Fire point, Cleveland open 387° F 
Flash point 343° F Flash point, Cleveland open cup 332° F 
Freezing point Supercools (resistance to Heat of combustion 555 kcal./mole 
cry stallization) 
Heat of formation 165.1 kcal./mole (liquid) 

Refractive index at 25° C, np 1.473 157 kcal./mole (gas) 
Specific gravity, d/4 1.182 Heat of vaporization 14.0 kcal./mole 
Viscosity at 25* C 1038 cs. (kinematic) Specific gravity, d/4 1.184 

1227 ep. 
Weight per gallon at 25° C 9.86 lb. 


*Decomposes before reaching boiling point at atmospheric pressure. This 
is an extrapolated value. 


1,2,6-HEXANETRIOL 


HOCH2CHOH(CH2)3CH2OH 


Table 7.211: Physical Properties of 1,2,6- Hexanetriol (32) 


Boiling point at 5 mm. Hg 178* C Specific gravity at 20/20* C 
Coefficient of expansion at 20° C 0.00054/ С A Sp. Gr./At at 10 to 40* C 
Flash point, open cup 375° F Vapor pressure at 20° C 
Freezing point -32.8° C (freezes under controiled Viscosity at 20° C 

e o sets to glass Weight per gallon at 20? C 
Molecular weight 134.17 A lb./gal./A t 
Relractive index 1.4771 


Table 7.212: Freezing Points of 1,2,6-Hexanetriol-Water Mixtures (32) 


() Observed 
(1) Theoretical, without hydration 
(ІП) Theoretical, with complete hydration 


FREEZING POINT, «С, 


ToS 10 20 30 40 


100 
99 
80 

70 


ИЕ 


SE 


40 


| Ш 


VAPOR PRESSURE, mm. Hg 


EH 
сен ЕНЕ 


оо по 120 130 140 150 160 180 200 220 240 260 280 300 


TEMPERATURE, °C. 
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1.1063 

0.00059/°C 

Less than 0.01 mm. Hg 
2584 ср. 

9.19 lb. 

0.00499* С 
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Table 7.214: Solubility of 1,2,6-Hexanetriol in Organic Solvents (32) 


4сс. solvent and Icc. triol at 20°C. 
Асеопе 2...0... ЗЛИЙ Е{Һу1 Асе{аїе ............. ——— I 
Еећу! Ајсоћо! (АБвое ) . M 
ЕУ ЕГ ооо ооа 


ич 


Benzene ален 
ВИНО ааа анаа equ: 
Butyl Acetate ен Heptane ........... 
Buty] CELLOSOLVE a aaa Isophorone .... 
Castor Cil... s 


CELLOSOLVE Acetate _. 


Methyl ТвоБшу! Ќеѓопе .............. 
Mineral Oil 2 


CELLOSOLVE Solvent Pine Oil 


Diacetone Alcohol Toluene 
Dibuty] Phthalate 


Dichlorethyl Ether 


Trichlorethylene о. I 


няня 


M — Ме је 1 = immiscible 


Table 7.215: Compatibility of 1,2,6-Hexanetriol (32) 


4 parts material to 1 part triol 
Animal Glue С Сеат ... 
ВЕБЕ: е а e Ee bene. Ш Nitrocellulose ..... 
Сатачђа Wax No. 3 1 Paraffin Wax ... 
Casein 220. лан лб ые пы С НОВИ О зы 
Ester Gum ОБ а вани 1 Shellac ............ 
Ethyl Cellulose 2... ... 1 Zein .... 


C — Compatibie I= Incompatible PC = Partly Compatible 


20222 ZEE 
айя... 6 


Table 7.216: Viscosities and Freezing Points of 1,2,6-Hexanetriol (32) 


1.2,5-Hexanetriol, Viscosity. Freering Point 
% by wt. in H,O in cps. at 100°F. “б, 


С "e Те ышы ӨЛ оаа "Ө 
А. ранны т о oasis ida munda fa c кышы cy а ын подай з 
ка МЕТ ПЕЕ ааа е КЕ И АТ ди АА ДОГ су мозды ди ны 2999.0 


PENTAERYTHRITOL 


TRIMETHYLOLPROPANE 


2,2-Dihydroxymethyl-1 -Butanol 
Ethyl Trimethylolmethane 
TMP 


Table 7.217: Physical Properties of Trimethylolpropane (32) 


Acidity as formic acid 
Ash 
Boiling point at 5 mm. Hg abs. 
50 mm. Hg abs. 
760 mm. Hg (extrapolated) 
Bulk density (free-flowing) 
Color of 10% aqueous solution 
Combining weight 
Fire point, Cleveland open cup 
Flash point, Cleveland open cup 
Freezing point 
Hydroxyl content 
Hygroscopicity (water absorbed in 68 hrs.): 
at 27° C and 18 to 26% RH 
at 25° C and 29 to 44% RH 
at 27° C and 70 to 80% RH 
Melting point range 
Molecular weight 


Phthalic color, Gardner 


Water content as packaged 


Tetramethylolmethane 


PE 


Table 7.218: Physical Properties of Pentaerythritol (32) 


Ash 

Bulk density 
Dipentaerythritol (combined) 
Hydroxyl content 


Melting point (capillary final) 


Melting point range 
Moisture 


Molecular weight 
Monopentaerythritol 


Nonvolatile 
Specific gravity at 25/4* C 
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С2Н5С(СН2ОН)з 


0.002% by wt., max. 
_ 0. 01% by wt., min. 

160* C 

210” С 

295" С 

35.5 lb/ft? 

5 Pt-Co units, max. 

44.72 

380° F 

355° F 

59" С 

37.5% by wt., min. 

0.00% by wt. 

0.06% by wt. 

0.23% by wt. 

57 to 59° C 

134,18 


1 max. 


0.05% by wt., max. 


CH, OH 
| 
HOH,C — C — CH,OH 
| 


CH,OH 


0.01% by wt., max. 

40 lb. /ft.° 

0.3% 

47.0% min. (technical) 
49.5% (pure) 

240° С 

250° C initial (pure) 
185-245° C (technical) 
0.40% by wt. (technical) 
0.10% by wt. (pure) 
136.1 

88.0% by wt. (technical) 
97.0% by wt. (pure) 
99.50% min. 

1.38 
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SORBITOL 


d-Sorbitol 


Sorbit 
Sorbo] CH2OH(CHOH)4CH2OH 


d-Glucitol 


Table 7.219: Physical Properties of Sorbitol (38) 


Density at -5* C 1.419 
Heat of combustion 3991 cal./gm. 
Negative heat of solution -26.5 cal./gm. 
Molecular weight 182.17 
Melting point, metastable form 93* C 
stable form 97.1" С 

Refractive index at 25° C, in 10% 

aqueous solution 1.3477 
Rotation, 25 -0.985* C 


Table 7.220: Boiling Point of Sorbitol Solutions (38) 
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Table 7.221: Hydrogenolysis of Sorbitol and Glycerol at a Hydrogen Pressure of 2,000 psi (32) 


PERCENT OF INITIAL SORBITOL OR GLYCEROL 





150 200 250 300 350 400 450 500 550 600 . 
MINUTES 


Table 7.222: Hydrogenolysis of Sorbitol at 215°C and a Hydrogen Pressure of 2,000 psi (32) 


OF SORBITOL 


PERCENT 


PROPYLENE GLYCOL- 


ре | 
" * 
EM, RYTHRITOL 
SORBITOL 
| 400 


о 100 200 300 
TIME (MINUTES) 
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Table 7.223: Phase Diagram of Sorbitol Solubility Table 7.224: Solubility of Sorbitol in Hydro- 
In Hydroalcoholic Liquids alcoholic Liquids at 25°C (38) 
at 25°C (38) 100 


во 


то 


60 


50 





^ 
o 


% SORBITOL 
o 
o 





40 eo 
G T/y Санди 





9 го 40 60 во оо 
% Yy C2H4 0H iN SOLVENT 


Table 7.225: Viscosity Curve for Pure d-Sorbitol Solutions of Various Concentrations (38) 


VISCOSITY - CENTIPOISES AT 25°C. 
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SUGAR ALCOHOLS 


Table 7.226: Physical Properties of the Sugar Alcohols (38) 


Sugar alcohol 


tetritols 
erythritol 
p-threitol 
L-threitol 
D,L-threitol 

pentitols 
ribitol 
xylitol 


p-arabitol 
L-arabitol 
hexitols 
allitol 
dulcitol 
sorbitol ( D-glucitol) 


L-glucitol 
D,L-glucitol 
D-mannitol 
L-mannitol 
D,L-mannitol 
n-talitol 
L-talitol 
D.L-talitol 
p-iditol 
L-iditol 
heptitols 
glycero-gulo-heptitol 


p-glycero-D-ido-heptitol 


perseitol 
volemitol 
octitol 
D-erythro-b-galacto- 
octitol 


Melting 


point, 
°C 


120 

88 5-90 
88 5-90 
69-70 


102 
61-61.5 
(meta- 
stable) 
93-94 5 
(stable) 
103 
102-103 


155 
189 
90 .4-91.8 
(meta- 
stable) 
06 7-97 .7 
(stable) 
89-91 
135-137 
166 
162-163 
168 
88-89 
87-88 
95-96 
73.5 
75.7-76.7 


129 


129 
187 
153 


169-170 


* [n aqueous molybdic acid (46). 


* [n 575 aqueous ammonium molybdate (27). 


* At 25°C unless otherwise indicated. 


Optical 
activity 
in НО, 


Гар 


meso 
+4.3 
-4.3 


meso 
meso 


+ 131• 
— 130“ 


meso 
meso 


-1.98 
+1.7 


-0.2 


meso 
+0.7 
—1.1 
+2.15 


-- 119 


Solubility, 


g/100g Н.О“ 


61.5 
very soluble 


very soluble 
179 
very soluble 


very soluble 
3.2(15 О) 


235 


21.3 


very soluble 


very soluble 
very soluble 
7.4(18° C) 
22.2(14? C) 
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Heat of 
combustion, 
constant 
volume, 
kcal/mole 


499 9 (94) 


611.7 (124) 


720.3 (94) 


723.5 (6) 


722.1 (6) 


835.8 (124) 


452 Industrial Solvents Handbook 


MISCELLANEOUS POLYHYDRIC ALCOHOLS 


Table 7.227: Hydrates of Polyhydric Alcohols (32) 


Number 
of C 
Atoms 


Name 


A. Trihydric Alcohols 


10 


10 


10 


13 


а (or cis) -Phloro- 
glucitol 


4(1,2-Dihydroxy - 


n-propyl) -cyclo- 
hexanol 


p-Menthane- 
1,4,8-triol 


P Menthane- 
1,2,4-triol 


Glycol (a 
dihydroxyether ?) 


2(2,3-Dihydroxy- 
n-propyl) -2- 
hydroxy camphane 


B. Tetrahydric Alcohols 


10 


cycloHexane-1,2, 
4,5-tetrol 


сусіоНехапе-1,2, 
4,5-tetrol 


A dimethylether 
of an inositol 


trans(?)-p- 
Menthane -1,2,6,8- 
tetrol 


Alcohol 


Skeletal 
Structural 
Formula 


ма pe 


OH OH 


X X 


HO OH OH 
C 
HO 
Сто Нав Оз 
он фи 
HO С--С--С 


<P 


E 


H 
H 


- 


OH 
C,H, (OH), (OCH;); 


HO 
C 
HO HO 
HO 


O-` 
- 


ОН 
OH 
OH 
| ? 


185 


63 


110-112 


129 


103-105 


242 


230 


156 


115 


31 


96 


115 


195 


100-105 


Hydrate 


K(OH), nH;O 


(continued) 


Table 7.227: (continued) 


Number 
of C 
Atoms 


10 


38 


Name 


p- Menthane -1,2, 
4,5-tetrol 


-Menthane-1 2. 


ФР 
3,4-tetrol 


2,2'-Dihydroxy- 
6,6'-bis (a - 
hydroxybenz- 
hydryl) -diphenyl 


C. Pentahydric Alcohols 


Viburnitol 
(cyclohexane- 
2,3,5/4,6-pentol) 


Inositol bromo- 
hydrin 


Inositol chloro- 
hydrin 


Scyllitol chioro- 
hydrin 


1-Methylene- 
cyclohexane-2,4, 
6/3,5-pentol 


D. Hexahydric Alcohols 


6 


(*) -Sorbitol 


meso-Inositol 
(1,2,3,5/4,6- 
cyclohexane- 
hexol) 





d- and 1-Inositols 
(active) (1,3,4/2, 
9,6 -cyclohexane- 
hexol) 


Alcohol 


Skeletal 
Structural 
Formula 


HO OH OH 
HO 


C 


HO OH 
HO OH 


Ph; COH HOCPh; 


C,H, (OH), Br 
Се Не (ОН С! 


C,H, (OH), Cl 


OH 

OH 

| i 

і 


І 
ОН 


HOH, C (СНОН), СН;ОН 


OH OH 
HO 


149 


130 


308 


181 


170-5 


180-5 


205 


225 


248 
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Hydrate 


= 
Оз 


100 


141-145 


55 
75 


n in 


R(OH), nH;O 


m 


Table 8.1: Phenol (2) 


92.2 
22 
58 
49 
55 
57 
60 
37 
54 
30 
78 


97 
28 
13 
28 
65 
59 
75 
60 


Phenols 


Carbolic Acid 


Acetophenone 
Amy] ether 
Aniline 
Benzaldehyde 
Berizylamine 
m-Bromotoluene 
o-Bromotoluene 
2-Butoxyethanol 
Butylbenzene 
Butyl isovalerate 


Camphene 


o-Chlorotoluene 
Cineole 
Cyclohexanol 
Cyclohexanone 
Decane 

Ethyl oxalate 
Fenchone 


Glycol diacetate 


C HOH 


PHYSICAL PROPERTIES OF PHENOL 


Boiling point 


Distillation range 


Flash point ( Open cup) 
Freezing point 

MAC 

Odor 

Purity 

Solidifying point 


Solubility in water, above 68°C 
at 20°C 


Specific gravity at 41/4°C 
Toxicity 


181.6*C 


957, distills within a 
range of 1,5°C 


175°F 

Not less than 40°C 

5 ppm in air 
Characteristic 

98%, min. 

Not less than 40.7°C 


In all proportions 
8.3% 


1.058 
Highly toxic 


PHENOL FORMS BINARY AZEOTROPES WITH 


B.P. of Azeotrope °c. 


202.0 
180.2 
186.2 
185.5 
196.8 
175,7 
174.4 
186.4 
175.0 
184.0 
156.1 


159.0 
182,9 
183.0 
184.5 
168.0 
189.5 
196.2 
189.9 
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% 
28 
55 
85 
74 
17 
79 
20 
77 
33 
32 
87 
50 
65 
82 
29 
81 
75 
55 
60 


Нергу! alcohol 
Indene 

Isoamyl ether 
Isobutyl carbonate 
Isopropyl lactate 
Mesitylene 


2-Methylcyclohexanol. 


Methyl fumarate 
Methylheptenone 
Z-Octanone 
n-Octyl alcohol 
sec -Octyl alcohol 
a-Phellandrene 
Phorone 

Pinacol 
a-Pinene 
Pseudocumene 
Terpinene 


Thymene 


B.P. of Azeotrope °c. 
185.0 
173.2 
172.2 
192.5 
184.8 
163.5 
183.1 
194.9 
184.6 
184.5 
195.4 
184,5 
165.0 
198.8 
185.5 
152.8 
166.0 
171.5 
172.3 


Aldehydes 


FURFURAL 
CH —— CH 
Furfuraldehyde || И 
Furol CH и С-СН--О 
Pyromucic Aldehyde > О 


Table 9.1: Properties of Pure Furfural (46) 


Furfural (2-furaldehyde), C,H,OCHO, is a liquid aldehyde with a pungent almond-like odor. Colorless when freshly 
distilled, it darkens on contact with air. Industrial furfural is light yellow to brown in color. 


General 
Molecular weight 96.08 
Boiling point (at 760 mm), °C (°F) 161.7 (323.06) 
Freezing point, °C СЕ) — 36.5 (-33.7) 
Refractive index (n tD) 
at 20° C (68° F) 1.5261 
аї 25° С (77° Р) 1.5235 
Density (d t/4) 
at 20° C (68° F) 1.1598 
at 25° C (77° F) 1.1545 
Vapor pressure See Table 9.7 
Vapor density (air=1) 3:3 
Thermodynamic properties 
Heat of vaporization, AH, g cal/g mole 11,614.6 
Specific heat (liquid), cal/g/deg 
14 to 80° C (57.2 to 176 F) 0.401 
20 to 100° C (68 to 212° F) 0.416 
Thermal conductivity, | 
Btu/(hr) (ft?) (F/ft) at 100° F 0.1525 
cal/(sec) (cm?) (°C/cm) at 38° C 6.3 х 10-4 
Heat of combustion (liquid), A Hag. kcal/mole -560.3 
Fluid properties 
Viscosity, cps, at 0° C (32° F) 2.48 
at 25° C (77° F) 1.49 
at 38° C (100.4° F) 1.35 
at 54° C (129.2° F) 1.09 
at 99° C (210.2° F) 0.68 
Surface tension, dynes/cm 
at 0° C (32° F) 43.5 
at 29.9° C (85.9° F) 40.7 
at 30.0° C (86° F) 41.1 
Vapor diffusion coefficient, cm/sec 
at 17° C (62.6? Е) 0.076 
at 25° C (77° F) 0.087 
at 50° C (122° F) 0.107 (continued) 
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Table 9.1: (continued) 


Electrical properties 
Dielectric constant 


at 1° C (33.8° F) 46.9 
at 20° C (68° F) 41.9 
at 25° C (77° F) 38 
at 50° C (122° Р) 34.9 
Specific conductivity, mho 
Minimum 0.26 x 1075 
Maximum 0.37 x 107 
Other properties 
Critical pressure, psia 798 
kg/cm? 56.1 
Critical temperature, ° C (° F) 397 (746.6) 
Molar volume, 25° C, mi/mole 83.19 
" Molecular association 1.11 
Solubility in 
water, wt. % at 20° C (68° F) 8.3 
alcoho! © 
е{һег © 


Note: Furfural is miscible with most common organic 
solvents except Saturated aliphatic hydrocarbons. 


Flammability properties 
Explosive limits (% by vol.) 


Lower limit (at 125° C [257° F] and 740 mm Hg) 2.1 
Flash point 

Tag closed cup, °C (°F) 61.7 (143) 

Pensky-Martens, °C (°F) 61.7 (143) 


(Based on flash point, furfural is classified as Class Ill A*) 
Ignition temperature, °C (°F) 393 (739) 


Note: 


Furfural has a high order of thermal stability in the absence 
of oxygen. At temperatures as high as 230° C (446° F), 
exposure for many hours is required to produce detectable 
changes in the physical properties of furfural, with the 
exception of color (29). 


*Refers to Code of Federal Regulations: 29CFR 1910.106. 


Table 9.2: Typical Properties and Specifications of Furfural (2) 


Acidity, as acetic 


Boiling point 
Density at 60°F 


300° 

Distillation range (Engler) 

1%, °F (min.) 

End point, °F (max.) 

Recovery, % (min.) 

Residue, % (max.) 

Loss, % (max.) 
Explosive limit, lower 


Flash Point (Cleveland Open Cup) 


Freezing point 
Heat of Vaporization 
Purity 


Refractive index at 68°F 


Technical 0.3 
> % Solubility in water at 20°C 


Refined 0.1% 


158-162°С Specific gravity at 20/20°C 

1.164 

1.140 : 

1.110 Surface tension 

1.095 Vapor pressure at 60°F 

1.080 100° 

1.049 150“ 

1.019 175 
200? 

300 250° 

335 300° 

98.5 350° 

0.9 400" 

0.9 450 

2.1% at 257°F Viscosity at 100°F 

131-5°F 130° 

— 34°F 210 


107.51 cal./g Weight per gallon (20°C) 
98.5% Technical 


99.0-99.5% Refined 


1.5261 


8.3% 
1.161 


1.158-1.160 Technical 
1.59-1.161 Re&ned 


49 dynes/cm. 


0.035 1bs./sq. in. 
0.130 1bs./aq. in. 
0.540 1bs./sq. in. 
0.950 !Ibs./sq. іп. 
1.650 1bs./sq. in. 


abs. 
abs. 
abs. 
abs. 
abs. 


4.40 1bs./sq. in. abs. 


11.50 Ња./ва. in. 
22.50 Ibs./8q. in. 


abs, 
abs. 


43.5 lba./aq. in. abs. 
77.0 lbs./s8q. in. abs. 


1.35 centipoises 
1,09 centipoises 
0.68 centipoises 
9 158. 
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Table 9.3: Solubility of Varlous Substances in Furfural (46) 
Acetone 5 Isobutyl S 
Acids: n-Octyl S 
Abietic (technical) 9.4 Amyl acetate M 
Acetic 5 Вепгепе 5 
Benzoic 14.8 Buty! acetate M 
Butyric (technical) 5 Carbon tetrachloride 5 
Cinnamic 4.1 Castor oil M 
Citric 3.6 Chinawood oil M 
Formic S Chloroform 5 
Lactic 5 Diethylene glycol monobuty! ether M 
Maleic | R Diethylene glycol monoethyl ether M 
Naphthenic acids (practical) 5 Diethy! phthalate M 
Oleic (U.S.P.) 5 Ethyl acetate 5 
Oxalic 4.8 Ethylene glycol 5 
Oxalic (anhydrous) 3.6 Ethylene glycol monobutyl ether M 
Palmitic (technical) 1.6 Ethylene glycol monoethy! ether M 
Phthalic 17.6 Ferric chloride 0.55 
Propionic (technical) 5 Ferric chloride hexahydrate 20.0 
Salicylic 11.0 Hydrogen cyanide M 
Sebacic (mp 132-133° C Linseed oil M 
|269.6-271.4 Е!) 0.8 Nitrobenzene M 
Stearic (U.S.P.) 2.1 Nitrotoluene M 
Succinic 3.0 Paraldehyde M 
Tartaric 10.9 Pyridine 5 
Alcohols: Quinoline 5 
Апу! M Toluene S 
n-Butyl | 5 Хую! M 
Ethylene glycol 5 Zinc chloride 20.6 
Glycerol 2.1-2.8 
S=infinitely solubie 
M=miscible in equal volume at room 
temperature 
R=reaction 
Table 9.4: Solubility of Selected Thermoplastic Resins in Furfural (46) 
(At 23°C [73 4° F)) 
SOLVENT SOLVENT 
RESIN TYPE MANUFACTURER ACTION RESIN TYPE MANUFACTURERA ACTION 
Nitrocellulose Hercules (RS) VS PVC ... Goodrich (Geon? 
Ethylcellulose Hercules (N-50) VS 222) SH 
Cellulose acetate Eastman VS Nylon Du Pont (Zytel 31) 1(B) 
butyrate Nylon Du Pont (Elvamide) 1 (B) 
Polyviny! butyral Union Carbide Polyethylene Du Pont (Alathon®) 1(В) 
(Ваке! пе“) S, VSH Acrylic Du Pont (Lucite® 
Viny! acetate Union Carbide 140) SH (B) 
(Bakelite*) SH (B) Acrylic Du Pont (Lucite® 
Vinyl acetate Union Carbide 130) VS 
chloride (Bakelite ) SH (B) Polystyrene Dow (PS-3) SH 
PVC Uniroyal (Marvino!® 
VR-10) 1 


S=Soluble from 1g to 10 g per 100 g solvent 
VS =Soluble 10 g or more per 100 g solvent 
H - Temperature, 70-75? C (158-167” Е); time 
one hour 
BzCloudy 
1 Less than 1 g per 100 g solvent 
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Table 9.5: Specific Gravity and Pounds per Gallon of Furfural (46) 


TEMPERATURE 
е “С 


122.0 
118.4 
114.8 
111.2 
107.6 
104.0 
100.4 
96.8 
93.2 
89.6 
86.0 
82.4 
78.8 
75.2 
71.6 
68.0 
64.4 
60.8 


50 
48 
46 
44 
42 
40 
38 
36 
34 
32 
30 
28 
26 
24 
22 
20 
18 
16 


| Referred to water at 4°C. 


eee А А ee 88 8 о, --А А „Аһ „ЈА 


(Change per *C: Sp. Gr.-0.00110; !bs./gal.—0.00917) 


БР СА: 


127 
129 
‚131 
‚134 
‚136 
.138 
‚140 
142 
145 
147 
.149 
‚151 
‚153 
‚156 
‚158 
‚160 
.162 
.164 


LBS./GAL. 


9.403 
9.421 
9.440 
9.458 
9.476 
9.494 
9.502 
9.531 
9.549 
9.568 
9.586 
9.604 
9.623 
9.631 
9.660 
9.678 
9.696 
9.715 


TEMPERATURE 
°F "C 


57.2 
53.6 
50.0 
46.4 
428 
39.2 
35.6 
32.0 
28.4 
24.8 
21.2 
17.6 
14.0 
10.4 
6.8 
3.2 
-1.6 
-4.0 


Table 9.6: Composition/Density of Furfural-Water Solutions' (46) 


FURFURAL 
С» ВҮ WEIGHT) 


ео 
NOWDMDANOADAN 


NN 
© A 


оо Оз Оз Оз Оз Ко 
оо һ№о о 


ba um 
RHO 


1 Mains, G.H., Chem, & Met. Eng., 26,779 (1922). 
Saturated solution of furfural in water at 20°C (6 
Saturated solution of furfural in water at 25°C (7 


20°С 


0.9982 
0.9986 
0.9990 
0.9993 
0.9997 
1.0001 
1.0005 
1.0008 
1.0012 
1.0016 
1.0020 
1.0023 
1.0027 
1.0031 
1.0034 
1.0038 
1.0042 
1.0046 
1.0049 
1.0053 
1.0057 
1.0060 
1.0064 


o 


t 
OENSITY — 
4 


25 С 


0.9971 
0.9974 
0.9978 
0.9982 
0.9985 
0.9989 
0.9993 
0.9996 
1.0000 
1.0003 
1.0007 
1.0011 
1.0014 
1.0018 
1.0022 
1.0025 
1.0029 
1.0033 
1.0036 
1.0040 
1.0044 
1.0047 
1.0051 


8°F). 
ТЕ). 


FURFURAL 
(^ BY WEIGHT) 


4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 


14 
12 
10 


OMAMONM AOD о 


| | | 
— 4А och 
ь № О 


—16 
—18 
-20 


20“ С 


1.0068 
1.0072 
1.0075 
1.0079 
1.0083 
1.0086 
1.0090 
1.0094 
1.0098 
1.0101 
1.0105 
1.0109 
1.0113 
1.0116 
1.0120 
1.0124 
1.0127 
1.0131 
1.0135 
1.0137 


SP. GR.’ 


1.167 
1.169 
1.171 
1.173 
1.175 
1.178 
1.180 
1.182 
1.184 
1.186 
1.189 
1.191 
1.193 
1.195 
1.197 
1.200 
1.202 
1.204 


DENSITY — 
4 


LBS./GAL. 


9.733 
9.752 
9.770 
9.788 
9.807 
9.825 
9.833 
9.861 
9.879 
9.898 
9.916 
9.935 
9.953 
9.971 
9.990 
10.008 
10.027 
10.045 


25 С 


1.0054 
1.0058 
1.0062 
1.0065 
1.0069 
1.0073 
1.0076 
1.0080 
1.0084 
1.0087 
1.0091 
1.0094 
1.0098 
1.0102 
1.0105 
1.0109 
1.0113 
1.0116 
1.0120 
1.0122 
1.0124 
1.0127 


Solution Temperature of Furfural-Water 
System (46) 


Table 9.8 


Vapor Pressure of Furfural (46) 


Table 9.7 


TEMPERATURE, °C 
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TEMPERATURE, “Е 


Table 9.9: Temperature-Composition Diagram of Furfural- 


Water System* (46) 


PRESSURE —760 mm Hg 
: ! 






P 
ЕЦ 
"wW | | || 14] | || 
е 
| uw] LA [ue А 
mmm MV 
| у 
o2 
жу di Do Liquid | -Liquid, NEN 
70 
aw TT TE Et |В 


-— Na 
O w= 
о оо 


TEMPERATURE, °C (°F) 
zd 
(Qo з 
о Бо м 


"Mains, G.H., Chem. & Met. Eng., 26. 779(1922) 


100 


Table 9.10: Vapor-Liquid Equilibrium in the Furfural- 


Water System’ (46) 


(PRESSURE = 760 mm Hg) 


% FURFURAL BY WEIGHT BOILING POINT 
COMPOSITION COMPOSITION «с + 
OF LIQUID OF VAPOR 
0.2 1.5 99.90 211.8 
0.4 3.0 99.82 211.68 
0.6 4.4 99.74 211.53 
0.8 58 99.67 211.41 
1.0 7.0 99.60 211.28 
1.5 10.0 99.42 210.96 
2.0 12.7 99.25 210.65 
2.5 15.0 99.11 210.40 
3.0 17.1 98.99 210.18 
35 19.0 98.87 209.97 
4.0 20.7 98.76 209.77 
4.5 22.2 98.66 209.59 
5.0 23.6 98.58 209.44 
5.5 24.8 98.50 209.30 
6.0 25.8 98.43 209.17 
6.5 26.8 98.37 209.07 
7.0 27.7 98.31 208.96 
7.5 28.5 98.26 208.87 
8.0 29.2 98.21 208.78 
8.3? 29.6 98.19 208.74 
8.5 29.9 98.17 208.71 
9.0 30.5 98.13 208.63 
10.0 31.7 98.07 208.53 
11.0 32.6 98.02 208.44 
12.0 33.3 97.98 208.36 
13.0 339 0 97.95 208.31 
14.0 34.4 97.93 208.27 
15.0 34.7 97.92 208.26 
16.0 34.8 97.91 208.24 
17.0 34.9 97.91 208.24 
18.0 35.0 97.90 208.22 
18.43 35.0 97.90 208.22 
18.4-84.14 35.0 97.90 208.22 


'Mains, G.H., Chem. & Met. Eng., 26, 779 (1922). 
? Saturated solution of furfural in water at 20° C (68° F). 


3Saturated solution of furfural in water at the boiling point. 


4Range over which both furfural and water layers are 
present. 
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Table 9.11: Vapor-Liquid Composition of Furfural-Water System (46) 





UOdVA NI TVunaufid NOILOVu3 310N 


MOLE FRACTION FURFURAL IN LIQUID 


OTHER ALDEHYDES 


Table 9.12: Vapor Pressures of Various Aldehydes (79) 





60 


РЕ (Ва ОИ ОД НИ РЕА СЕ! НЕ ЕН НН 
ТЫ ач 
НЕ ЕЕ 
ШЕ ы 


10 20 30 40 


0 
TEMPERATURE, °C. 


-30 -20 -Ю 


-70 -60 -50 Po 


6H'wuw*'3ynSS3Hd SOdVA 


Table 9.13: Physical Properties of Various Aidehydes (19) 


Le 


Product Formula 


Formaldehyde, 37% 


( 


Paraldehyde [CH3CHO]; 
Propionaldehyde C,H,CHO 

Butyraldehyde C,;H,;CHO 
Isobutyraldehyde CH;CH(CH;)CHO 
Valeraldehyde С.Н СНО 
2-Methylpentaldehyde C4H;CH(CH4)CHO 
2,3-Dimethyl Pentaldehyde C2H&4CH(CH3)CH(CH3)CHO 
Acrolein CH,:CHCHO 


Tetrahydrobenzaldehyde 


UCAR Giyoxal 40 (aq. sol.) 
UCAR Glyoxal LV 
___________._____—————--————-—_————-ө  ——ө—өӨөӨөӨыөӨөӨө д 
Glutaraldehyde, 25% aq. sol. 
Glutaraidehyde, 50% aq. sol. 


uninhibited) 
Ie 


HCHO 


OHCCHO 


OHCC3;H4,CHO 
OHCC;H,CHO 


(a) All flash points were determined by either ASTM method D 1310 
using Tag open cup or ASTM method D 82 using Cleveland open 
cup. 

(с) 994- mol per cent material. 

(d) Sets to glass below this temperature. 

(e) Typical commercial material. 


(f) "t from anhydrous isopropanol diluted with demineralized 
water. 


(g) Tsue density at—19°C. 
(в) 37% Solution. 
(1) fmhibited material. 


CH,CH:CHCH,CH,CHCHO 
был ле ва ed 


Formula 
Molecular 
Weight 


30.03 (c) 0.816(g) --19.1 3284 —117 Complete 
132.16 (c) 0.9961 124 26 12.6 10.5 1.1 
58.08 (c) 0.7982 48.0 258 --80 22 35 
72.11 (с) 0.8028 74.8 88.5 —96.4 7.152. З.О;5-с. 
72.11 (с) 0.7905 64.1 138 6.5 2.9 
86.13 (с) 0.8109 103.0 26 -91 1.35 1.35 
100.16 (с) 0.8102 118 14 --100(а) 0.42 0.83 
114.19 (с) 0.8293 140.5 5 --110 0.21 0.60 
56.06 99 0.8427 53 220 —87.0 20.6 6.8 
110.16 998 0.9721 165 2 --100(4) 0.5 1.0 
58.04 (е) 1.2798 --15 Complete 
(e) 1.2851 --15 Complete 
100.12 (e) 1.062 17 —7.0 Complete 
100.12 (e) 1.124 17 --14.0 Complete 


Purity of 
Tested 
Sample, 

Z by wt. 


Apparent 
Specific 
Gravity, 
20/20*C. 


Boiling 
Point, 
*C., 760 mm. 


Vapor 
Pressure, 
mm. Hg 
at 20°C. 


Freezing 
Point, 
"с. 


Solubility, 
_ ® Бу weight at 20* C. 





in Water 


Water In 
a cs 


Pounds 
Per Gal. Flash 
at Point, 
20°C. "Р. (а) 


9.24(h) None 











8.27 96 
6.72 <0 
6.69 15 
6.58 13 
6.75 54 
6.74 72 
6.91 94 


7.020) 3“ <0()) 





8.08 135 


10.65 Мопе 
10.69 Мопе 


8.83 Мопе 
9.38 Мопе 
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Ethers 


Table 10.1: Dimethyl Ether (34) 


Methyl Ether 


Physical Properities 


Molecular weight (calc.) . . . . . . . . 46.07 
Boiling рок ак760тт. . . . ... . -- 24.9"С 
Уарог ргеззиге ас 20"С. . . . . . . . . 5.24 atm 
Freezing point... 2... 2... 2s. — 141.5*С 
Пепзбуа 200. ........... 0.661 g/ml 
Vapor density {air = 1.0). . . . . . .. 1.59 
Critical pressure. . . . . . . . . . 52.5 atm 
«етрегиште . . . . . . . . . . 128.8°C 
density ака ае 0.2714 g/ml 

Hcat of combustion, gas . . . ..... 347.6 kcal/mole 
Heat of formation, gas... ...... — 44.3 kcal/mole 
Heat of melting... .. 1... . . « 25.621 cal/g 
Heat of vaporization at —24.8'C . . . . 111.64 cal/g 
Free energy of formation, 25°C... . . — 27.3 kcal/moic 
Entropy at 25°C. . . . . . . . . . . 63.72 cal/*C—mole 
Specific heat at —27.68°C ....... 0.5351 cal/g 
Surface tension, liquid-vapor intcrfacc, 

м —40°С.............. 21 дупсуст 

тей че нок ва Ee 18 
«Ер ызаға аа ыз 16 


CH3—O—CH3 
Viscosity of gas at 0"С,лх І0?. . , .. 825 
Uc uae ад ое а а 855 
Diclectric constant at 25°C . . . . . . 5.02 е.5.и. 
Flash point, Tag closed cup. ...... ~— 42°F 
Autoignition temperature. . . . . . . . 662*F 
Explosive limits, 7; by vol. in air . . . . 3.45-26.7 9, 
Зојиб ну" ап маѓег аї 24°С ...... 35.3% by wt. 
. Solubility* of water in methyl ether 
aM ри нат e mE пере 7.0% by wt. 
Solubility in gasoline (unleaded) 
а-40°С.......,....... 64% by wt. 
ДЕ ао еби вес и аа а Pg 19 
ЖИ сына Аы ое 41% 7 


Solubility at 25°C in: 


carbon tetrachloride at 782mm... . 16.33 mole % 


acetone, .. 1... 762 ‚... 11.83 
репгепс ..... 761 2... 15.29 
chlorobenzene. . . 1795 ‚... 18.55 
methyl acetate. . . 704 betes SET 


* At about 5 atm. 


SOME PHYSICAL AND THERMODYNAMIC PROPERTIES OF DIMETHYL ETHER 
AT VARIOUS TEMPERATURES 


Dielec- 
tric 


constant 





Entropy 


Enthalpy 


liquid vapor liquid vapor 
kcal/kg kcal/kg cal/(g) (°K) cal/(g)(^K) 


(continued) 
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Table 10.1: (continued) 


Binary Azeotropes Containing Dimethy! Ether 


Some Properties of (CH, ),O-BF, 


Molecular weight (calc.) . . 113.89 Component A Azeotrope 
Melting point . — 120 Boiling Compo- 
Boiling point . . 128°C point, nent A, 
Density at 20°C . 1.241 g/ml % Бу wt 
Vapor pressure at 30°C . 6.1 torr Boron trifluoride 127 60 
at 70°C . . 52.7 torr Hydrogen chloride . —2 38 
Surface tension at 20.5°C . 33.03 dynes/cm Ammonia at 1 atm. -37 42.5 
Dissociation constant . . . log K = (—2983)/ at ll atm . 25 56 
T + 7.228 Sulfur dioxide at 1 atm 0 65 
at 56.1 atm 6.6 60 
at 77.1 atm 12.1 60 
at 108.7 atm . 26.7 60 
Dichlorodifluoromethane 
at 3 atm . 0 90 





Solubility of Mcthyl Ether at Various Pressures 
Temperature = 25°C 








Carbon tetrachloride Acetone Benzene Chlorobenzene — Methyl acetate 
| Methyl Methyl Methyl Methyl Methyl 
pmm cther, p,mm ether, pnm мо p,nim ether, pmm ether, 
Моје 2, мос У Mole 7, | Mole '& 
112.4 00 93.7 11.6 : 213.4 
237.6 1.79 196.9 3 2 120.4 6.21 293.2 
360.1 4.78 372.6 6.32 310.5 7.20 440.6 
464.8 7.01 503.0 9.32 423.3 9.74 576.0 
612.8 9.41 634.8 12.29 550.8 12.78 704.4 
782.4 11.83 761.4 15.29 795.1 18.55 812.3 
932.7 15.77 913.0 18.84 957.9 22.14 923,5 
1072.9 18.93 1006.7 21.00 1072.1 24.71 1039.7 
Table 10.2: Chlorodimethyl Ether (2) 
CH3—O-CH^CI 


Chlorodimethyl ether is a colorless liquid which decomposes 


in water and in hot ethyl alcohol. 


It is soluble in acetone, 


carbon disulfide and concentrated hydrochloric acid. 


Physical Properties 


Boiling Point (760 mm. Hg), °C. 59 
Dipole Moment 

In Carbon Tetrachloride D 1.88 

In Benzene D 1,82 - 1.85 
Melting Point, °C. -103.5 
Molecular Weight 80.52 
Purity 90% min. 
Refractive Index 120 1.39737 
Specific Gravity D^ 1.0703 


Table 10.3: Chloromethyl Ethyl Ether (2) 


CICH2—O—CH2—CH3 
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This ether is a colorless liquid which is an irritant to the mucous 
membranes. It is used as a raw material in organic syntheses. 


Physical Properties 


Assay (chlorine) 


Boiling Range, 760 mm. Hg, °C. 


Density 54 


Refractive Index ny 


Table 10.4: Ethyl Ether (1)(19)(23)(49) 


Ether 
Ethyl oxide 
Sulfuric ether 


App. 9896 


79 - 83 


1.03 - 1.05 


1.40 - 1.41 


СоН5--О--СоН5 


Typical Properties and Specifications 


Apparent ignition temperature in air 
Boiling point at 760 mm. 
Coefficient of expansion 


Constant-boiling mixtures (% by wt.) 
Ethyl ether 99% Carbon disulfide 


1.0% 


Ethyl ether 44.5% Methyl formate 55.5% 


Ethyl ether 98.9% Water 
Electrical conductivity at 25°C. 
Explosive limits 
Flash point 
Freezing point 
Heat of combustion 
Heat of vaporization 
Refractive index at 17°C. 
Specific gravity at 20/20?C. 
Specific heat at 30°C. 

Surface tension at 20°C. 

Solubility in water at 20°C. 

Solubility of water in solvent at 20°C. 
Viscosity at 20°C, 

Vapor pressure at 20°C. 

Weight per gallon at 20°C. 

Weight per gallon at 17°C. 


Acidity (as acetic) 


1.1% 


190°C. 
34.5°С. 
0.00164 рег 1°С. 


В.Р. а! 760 тт. 34,59С, 
В.Р. а! 760 тт. 28.2°С. 
В.Р. а! 760 тт. 34.1°С. 


4х 10-13 recip. ohm 
2.34 - 6.1596 
-40?F. 

-116.2?C. 

651 Cal ./mol 

83.96 cal ./g at B.P. 
1.3542 

0.7146 

0.5476 cal ./g. 

17.0 dynes/sq. cm. 
6.996 by wt. 

1.396 by wt. 
0.00233 poise 

442.0 mm. Hg 

5.95 165. 

5,3542 lbs. 

0.00296 by wt., max. 


466 Industrial Solvents Handbook 


Table 10.5: Flammability of Ethyl Ether-Oxygen-Helium Mixture (7) 
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Table 10.6: Dichloroethyl Ether (2) 


2,2'-Dichlorethyl Ether 
B B -Dichlorodiethyl Ether 


Acidity (as hydrochloric) 
Apparent ignition temperature in air 
Boiling point at 760 mm. 
Boiling range at 760 mm. 
Coefficient of expansion at 20?C. 
Coefficient of expansion at 55?C. 
Constant boiling mixture (96 by wt.) 
Dichlorethyl ether 
Water 
B.P. at 760 mm. 
Flash Point (ASTM, open cup) 
Flash Point (ASTM, closed cup) 


0.00596 by wt. mox. 


3969С, 
178.5°С. 
170-180°С. 


0.00097 (рет °С 
0.00100 (рег °С 


34.4 
65.6 
27.776. 
790. 
59 C. 
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СІ--СН2--СН2--О--СН2--СН2--СІ 


Heat of vaporization at 178°C. 

Refractive index at 20°C. 

Specific gravity at 20/20°C. 

Specific heat (at 20-30°С.) 

Surface tension at 25°C. 

Solubility in water at 20°C. 

Solubility of water in dichlorethyl 
ether at 20?C. 

Viscosity at 25°C. 

Vapor pressure at 20°C. 

Water content 

Weight per gal. at 20°C. 


64.1 cal./g. 
1.457 © 
1.2220 
0.369 cal. 
41.8 dynes/sq. cm. 
1.1% by wt. 


0.2896 by wt. 

2 .0653 centipoises 
0.7 mm. Hg 
0.1096 by wt. max. 
10.17 Ibs. 


ISOPROPYL ETHER 


Table 10.7: Properties of Pure Isopropyl Ether (74) 


Molecular Formula СНО 
Molecular Weight 102.172 
Boiling Point, °C 68.5 


Boiling Point Change, °C/mm at 760 mm 0.042 
Freezing Point, °C -85.5 
Density at 20°C, g/m! (in vacuo) 0.7235 


at 60* F, Ib/US gai (in air) 6.07 


Specific Gravity, 20/20" C (in air) 0.7244 
Coefficient of Expansion (1) at 20°C, per°C 0.00143 
Refractive Index, n0/D 1.3784 

n20/D 1.36820 

n30/D 1.36301 
Critical Temperature, °C _ 288 
Critical Pressure, atm 27.5 
Critical Volume, cc/g 3.80 
Heat of Vaporization (2,3), 760mm, cal/g 68.16 
Heat of Fusion at Meiting Point (4), cal/g 25.79 
Heat of Formation (5) (vapor at 25°C) 

k-cal/mole -77 
Free Energy of Formation (4) (vapor at 

25? C) k-cal/mole -31 
RAeterences 


+ 


. Calculated гот density measurements as .7242 - .7139 
.7190 х 10 

2. Calculated via Clapeyron Equation Z = 0.95. 

3. Fife & Reid, Ind. Eng. Chem. 22. 513 (1930) 

4. Parks, et. al., J. Am Chem. Soc. 55, 2735 (1933) 

5. Kharasch. М. 5., Ј. Незеагсћ, Ма! ! Вог. 5138. 2. 359 (1929) 

Vogel. A. 1.. J. Chem. Soc. Part t, 616 (1948) 

7. Kirk-Othmer, “Ency. of Chem. Tech.” 5, 870 (1950) 

B. Petroleum Engineer. June 1945, 219. 


o 


Table 10.8: Vapor Pressure of isopropyl Ether! (14) 


ес тт На ес 
-20 13.4 15 
-15 18.4 20 
-10 24.9 25 
-5 33.3 30 
0 44.0 35 

5 57.3 40 
10 74.0 45 





‘Log VP mm Hg = 23.16817 - 2382.7/T - 5.2545L0g T 
T = 273.15 + С 


Table 10.9: Isopropyl Ether-Water Solubility (14) - 


Yowt 
ес ІРЕ іп Н;О H.0 in IPE 
-10 ~ 0.41 
0 - 0.43 
10 1.43 0.47 
20 1.07 0.53 
30 0.88 0.62 


40 0.78 0.72 


Specific Heat (Liquid), cal/g°C (at 20°C) 
Thermal Conductivity (Vapor at 100°C) 
cal/(sec) (cm?) (* C/cm) 
Viscosity, cps at -20°C 
0°C 
20°C 
50°C 
Surface Tension (6), 25°C, dynes/cm 
Dielectric Constant (7), 85.8 kHz, 25°C 


Other Properties of Commercial IPE 
Autoignition Temp., °F 
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0.506 


0.0000483 

0.545 

0.419 

0.333 

0.255 
17.28 

4.449 


830 


Flash Point (8), Tag Open Cup, °F (approx.)+15 


Tag Closed Cup, °F (approx.) 

Fiammable Limits of Vapor with Air 
% vol. of Compound, Upper 
Lower 


Relative Evaporation Rate at 25°C and 0% 


R.H.; Shell Thin Film Evaporometer 
(n-BuOAc = 1.0) 


mm Hg ес тт На 
94.4 50 406.6 
119.4 55 485.8 
149.5 60 576.7 
185.6 65 680.3 
228.4 70 797.8 
278.9 75 930.1 
338.0 80 1078.7 
owt 
РС IPE in H,O H.0 in IPE 
50 0.73 0.82 
60 0.73 0.93 
70 0.76 1.06 
80 0.83 1.20 
90 0.92 1.34 
100 1.04 1.49 


-18 


21 
1.4 


8.04 
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Table 10.10: Mutual Solubility for the System: Isopropyl Ether-Isopropyl Alcohol-Water at 25°C, % wt (14) 


IPE н.о IPA Sp. Gr.25/4°C 
99.5 0.5 0.7210 
93.4 14 5.5 0.7274 
89.0 1.5 9.5 0.7326 
84.4 2.2 13.4 0.7380 
79.9 3.2 16.9 0.7427 
74.4 4.6 21.0 0.7490 
72.8 4.7 22.5 0.7509 
70.3 5.2 24.5 0.7547 
‚ 68.7 5.8 25.5 0.7564 
65.3 6.7 28.0 0.7605 
64.0 7.1 28.9 0.7620 
61.5 7.8 30.7 0.7641 
58.3 8.9 32.8 0.7698 
56.4 9.6 34.0 0.7726 
50.8 11.6 37.6 0.7812 
47.6 13.0 39.4 0.7864 
42.6 15.5 41.9 0.7958 
38.6 17.8 43.6 0.8029 
35.7 19.7 44.6 0.8091 
31.5 23.0 45.5 0.8189 
28.3 26.0 45.7 0.8275 
24.8 29.7 45.5 0.8379 
22.6 32.4 45.0 0.8450 
18.9 37.6 43.5 0.8590 
16.3 41.9 41.8 0.8707 
14.5 45.0 40.5 0.8789 
12.6 48.4 39.0 0.8884 
12.2 49.0 38.8 0.8897 
10.6 52.1 37.3 0.8982 
8.6 55.6 358 | 0.9084 
6.6 60.2 33.2 0.9200 
5.9 61.8 32.3 0.9245 
5.2 63.6 31.2 0.9293 
4.7 65.0 30.3 0.9334 
3.4 69.6 27.0 | 0.9437 
2.2 74.8 23.0 0.9568 
1.6 78.3 20.1 0.9634 
1.3 83.3 15.4 0.9716 
1.2 89.4 9.4 0.9796 
1.0 93.8 5.2 0.9864 
0.9 99.1 0.9928 


Reference Frere, F. J., ind. Eng. Chem. 47, 2365 (1949) 
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Table 10.11: Conjugate Solutions in the System: Isopropyl Ether-Ilsopropy! Alcohol-Water at 25°C, % wt (14) 


Upper Layer Lower Layer 

IX 2 ИИ Tie 
IPE но IPA Line’ IPE но (РА 
96.4 0.8 2.8 1 1.0 92.1 6.9 
93.0 1.2 5.8 2 1.2 89.0 9.8 
90.1 1:5 8.4 3 1.2 86.9 11.9 
86.1 2.0 11.9 4 1.2 85.4 13.4 
82.8 2.7 14.5 5 1.2 83.8 15.0 
76.3 4.0 19.7 6 1.3 82.4 16.3 
72.1 5.0 22.9 7 1.4 81.6 17.0 
64.2 7.0 28.8 8 1.4 80.3 18.3 
54.2 10.2 | 35.6 9 1.7 77.8 20.5 
45.4 14.0 40.6 10 д.3 74.1 23.6 
36.9 18.7 44.4 11 2.9 71.2 25.9 
31.5 23.0 45.5 12 3.7 68.3 28.0 
25.3 29.0 45.7 13 47 64.6 30.7 

Estimated plait point? 9.8 53.3 36.9 


1 See Table 10.12 
Point at which two layers converge into one phase. 


Reference: Frere, F.J., /nd. Eng. Chem, 41, 2365 (1949). 


Table 10.12: Miscibility of Isopropyl Ether-Isopropyl Alcohol-Water at 25*C (14) 





IPA == HO 


470 Industrial Solvents Handbook 


Table 10.13: Azeotropic Information-Isopropy! Ether (14) 





Ternary Azeotrope: IPA — IPE — Water 


(Boiling Point 61.7°C) 





Component 


IPA (tsopropyl Alc.) 
IPE 

Water 

дом 


Azeotrope Upper Layer Lower Layer 
6.0 5.8 10.0 
89.0 93.1 1.0 
5.0 1.1 89.0 
100 95.6 4.4 








Other Azeotropic Information 


—————ї—————————————————_————————————————————————————————— 


Binary Azeotropes 


B.P.°C 
61. 
62.2 
70.5 

<67.5 
74.0 
54.2 
66.2 
66.0 

>69.0 
<68.0 
67.5 


Other Components wt Other Component 
Boron Triflouride 40 
Water 4.5 
Chloroform 36 
Propronitrile > 4 
2, 2-Dichloropropane 60 
Acetone 61 
Isopropyl Alcohol 16.3 
1-Propanethiol 65 
1-chloro-2-methylpropane -- 
Methylocyciopentane < 20 
Hexane 47 


Ternary Azeotropes 





B.P.*C 

66 

Min B.P. 
Nonazeotrope 


Components апа "ом 

H,O, 7.0%; Ethyl! alcohol 14.7%; IPE 78.3% 
н,О - 00; Acetone — %: IPE — % 

H,O — Sec. Buty! alcohol — IPE 


IPE does not form azeotropes with 


Trichioroethylene 2-Bromo-2-methylpropane 
1, 1-Dichloroethane 1-Chlorobutane 

1, 2-Dichloroethane Ethyl sulfide 
2-Chloroethanol Diethoxymethane 
lodoethane Benzene 

2-Bromopropane Hexyl Alcohol 


Thiophene 
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Table 10.14: Vapor Pressure of isopropyl Ether Table 10.15: Specific Gravity of lsopropy! Ether vs 
at Various Temperatures (8) Temperature (8) 
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Table 10.16: Mutual Solubility and Specific Gravity of Isopropyl Ether, Water and Isopropyl Alcohol 


at 25°C (2) 

В о 

Isopropyl SG 425 C. 

Isopropy! Ether Water Alcohol 15 04 - 
99.5 0.5 - - 0.7210 
93.4 1.1 5.5 0.7274 
89.0 1.5 9.5 0.7326 
84.4 2.2 13.4 0.7380 
79.9 3.2 16.9 0.7427 
74.4 4.6 21.0 0.7490 
72.8 4.7 22.5 0.7509 
70.3 5.2 24.5 0.7547 
68.7 5.8 25.5 0.7564 
65.3 5.1 28.0 0.7605 
64.0 1.1 28.9 0.7620 
61.5 1.8 30.7 0.7641 
58.3 8.9 32.8 0.7698 


(continued) 
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Table 10.16: (continued) 


Isopropyl 5С 425°С 5 
Isopropyl Ether Water Alcohol 4 
56.4 9.6 34.0 0.7726 
50.8 11.6 37.6 0.7812 
47.6 13.0 39.4 0.7864 
42.6 15.5 41.9 0.7958 
38.6 17.8 43.6 0.8029 
35.7 19.7 44.6 0.8091 
31.5 23.0 45.5 0.8189 
28.3 26.0 45.17 0.8275 
24.8 29.7 45.5 0.8379 
22.6 32.4 45.0 0.8450 
18.9 37.6 43.5 0.8590 
16.3 41.9 41.8 0.8707 
14.5 45.0 40.5 0.8789 
12.6 48.4 39.0 0.8884 
12.2 49.0 38.8 0.8897 
10.6 52.1 37.3 0.8982 
8.6 55.6 35.8 0.9084 
6.6 60.2 33.2 0.9200 
5.9 61.8 32.3 0.9245 
5.2 63.6 31.2 0.9293 
4.7 65. 0 30.3 0.9334 
3.4 69.6 27.0 0.9437 
2.2 74.8 23.0 0.9568 
1.6 78.3 20.1 0.9634 
1.3 83.3 15.4 0.9716 
1.2 89.4 9.4 0.9796 
1.0 93.8 5:2 0.9864 
0.9 99,1 = - 0.9928 


Table 10.17: n-Butyl Ether (2) 


C ,H,OC ,H 


4 9 


4 9 


n-Butyl ether is a colorless, stable liquid, soluble in water. Having two butyl groups, this ether is an excellent solvent 
for many natural and synthetic resins, gums, oils, fats, organic acids, esters, and alkaloids. Beeswax and carnauba wax 
have limited solubility in butyl ether at room temperature, but become quite soluble at higher temperatures. n-Butyl ether 
will not dissolve cellulose acetate, benzyl cellulose, or cellulose nitrate, but when it is mixed with ethyl or butyl! alcohol 
it becomes a solvent for ethylcellulose. Buty! ether is used as a reaction medium in organic synthesis and in the extraction 
and purification of essential oils, organic acids, waxes and resins. 


Typical Properties and Specifications 


Boiling point at 760 mm 142.4°C 

50 63 

10 28 
Color Water-white 
Flash point 30.6°C 
Heat of vaporization 68.8 cal./g 
Freezing point Approx. — 96°C 
Specific gravity at 20/20°C 0.769-0.771 
Refractive index at 20°C 1.3992 


Surface tension at 20°C 
Solubility in water at 20°C 


22.9 dynes per sq cm 
0.03% 


Solubility of water in solvent at 20°C 0.19% 

Vapor pressure at 20°C 4.8 mm Hg 

Weight per gallon at 20°C 6.4 lbs 

Acidity (as butyric) 0.05% by wt., max. 
Distillation range 137-143°C 


Water content 


0.10% by wt., max. 
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Table 10.18: Diamyl Ether (2) 
С5Н|1ОС5Н | 


Commercial diamyl ether consists principally of di-n-amyl ether and di-isoamyl ether, with small percentages of isomeric 
amyl ethers and diamylene. It is a colorless to light yellow liquid which is quite stable. Ìt is insoluble in water but solu- 
ble in methanol, ethyl ether, ethyl acetate, acetone, aliphatic and aromatic hydrocarbons, fixed oils, oleic and hot 
stearic acids, hot paraffin and carnauba waxes, the latter two solidifying when cooled. Unlike the lower aliphatic ethers, 
it will not dissolve nitrocellulose when admixed with ethanol. However, a mixture of diamyl ether and 2096 ethanol will 
dissolve ethylcellulose. 


Typical Properties and Specifications 


Dielectric constant 3.14 

Flash point (open cup) 146°F 

Heat of vaporization 65.9 cal./g 
(cale'd) 

Specific gravity at 20/20°C 0.78-0.80 

Specific heat 0.513 cal/g 

Refractive index at 20°C 1.4198 

Surface tension at 20°C 24.8 dynes/sq cm 

Freezing point Below —75°C 

Vapor pressure at 20°C 0.67 mm 

Water azeotrove at 96-98°С 41% amyl ether (approx.) 

Weight per gauon at 20°C 6.61 lbs 

Acidity (mg. KOH per g) 0.4, max. 


Distillation 
Initial boiling point 
Not Jess than 95% 
Final boiling point 
Water content 


Not below 170°C 
Below 200 

Not above 210 
0.2% by wt., max. 


Table 10.19: n-Hexyl Ether (2) 
CeH13OC4H15 


n-Hexy! ether is a colorless, stable liquid with a mild odor. It is less volatile than the lower members of the aliphatic 
ether group and its solubility in water is very slight. It is miscible with most organic solvents and can replace butyl ether 
for many similar applications. It is used asa solvent medium in chemical reactions and is a foam breaker for certain pro- 
cesses. 


Boiling point at 760 mm. 
Boiling point at 50 mm. 
Boiling point at 10 mm. 

Flash Point 

Specific gravity at 20/20°C. 
Solubility in water at 20°C. 
Solubility of water in solvent at 20°C. 
Vapor pressure at 20°C. 
Weight per gallon at 20°C. 
Acidity (as acetic) | 
Distillation range at 760 mm. 
Color (А.Р.Н.А.) 

Water content 


226 .2?C. 
136?C. 
100°C. 
1709Е. 
0.7942 
0.0196 Бу wt. 
0.12% by wt. 
0.07 mm. Hg 
6.61 Ibs. 
0.0196 by wt., max. 
205 - 235°C. 
15 max. 
0.10% by wt. 
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Table 10.20: Solubility Data for Various Ethers (79) 


Dichlor- 

Substance Ethyl Isopropy! Butyl Dioxane ethyl 
"Bakelite" vinyl resin AYAF | | SW-G S S 
“Bakelite” vinyl resin VYHH | | | 5 5 
Cellulose nitrate (dry) SA SA | SA SA 
Cellulose acetate | | | 5 SA 
Buna S -- - - - - 
Neoprene GN - - - - - 
Carnauba wax - 85 — SW SW 
Paraffin wax - 3 - SW S 
Beeswax - SW - SW SW 
Rosin 5 $ - S | 
Dewaxed dammar 5 55 5 5 | 
Zein — -- — — — 
Soluble starch - - — — — 
Gelatin - — - — - 
Hydrocarbons 5 S S S S 
Linseed oil (raw) S S S S S 
Shellac | | SSW S | 
Kauri gum | | 5 5 | 
Ester gum 5 5 5 5 5 
Unvulcanized rubber 5 5 $-G SS | 

5: soluble SS: slightly soluble l: insoluble 

С: tendency to gel SA: soluble with alcohol W: when warm 


Туре ог сег ер ло мери, 





Table 10.21: Comparative Evaporation Rates of Various Ethers (79) 


PERCENT EVAPORATED 


(А) Ethyl ether 
(B) Acetone 

(C) Isopropyl ether (H) 
(D) Ethy! acetate (I) 
(Е) Dioxane 
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TIME, HOURS (ATMOSPHERIC CONDITIONS) 


(РЁ) Buty! acetate (90%) 
(С) "Cellosolve" solvent 


"Cellosolve" acetate 
Dichlorethyl ether 


(J) Diethyl "Carbitol" 


Dichlor- 
ізоргару! 


5 
SW 


475 


Ethers 


Table 10.22: Specific Gravities of Various Ethers (79) 
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Table 10.23: Vapor Pressure of Various Ethers (79) 
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Table 10.23: (continued) 
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Table 10.24: Ethylene Oxide (2) 


Epoxyethane 
Dimethylene Oxide 


Acidity (as acetic acid), % by wt. 
Boiling point, °C. 

760 тт. 

50 mm. 

10 mm. 

Abp/ Ap, °C./mm. Hg 
Coefficient of expansion at 55°C. 
Flash point (open cup), °F. 
Freezing point, °C. 

Heat of vaporization (Btu/Ib. at 1 atm.) 
Molecular weight 

Refractive index (np at 7°C.) 
Solubility, % by wt. at 20°C. 

in water 

water in 
Specific gravity, 20/20?C. 

ASG/AT 
Specific heat at 20°C. 

Ib./gal. at 60?F. 

Vapor pressure, mm. Hg at 20°C. 
Viscosity (absolute) in centipoises, 0°C. 


Table 10.25: Enthalpy and Entropy of Ethylene Oxide (19) 


CH2—CH? 
O 


0.005 (max .) 


10.4 
-44 

-66 
0.033 
0.00177 
below 0 
-112.5 
245 
44.05 
1.3597 


infinite 
infinite 
0.8711 
0.00140 
0.8763 
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1120 
0.3 
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Table 10.26: Propylene Oxide (2) 


1, 2-Ерохургорапе 


Propylene oxide is soluble in water and miscible with most organic solvents. 
solvent for cellulose acetate, nitrocellulose, adhesive compositions and vinyl chloride-acetate resins. 
Some of its uses are as a solvent and stabilizer in DDT aerosol-type insecticides, and 


for hydrocarbons, gums and shellac. 
Since it is an acid acceptor, it is also used as a stabilizer for vinyl chloride resins 


as a fumigant and food preservative. 
and other chlorinated systems. 


Acidity (as acetic acid), % by wt. (max.) 


Boiling point, °C.: 
760 mm. Hg 
50 mm. Hg 
10 mm. Hg 
A BP/AP., *C./mm. Hg 
Coefficient of expansion at 55°C. 
Distillation at 760 mm., 2С.: 
Initial BP/min. 
DP, max. 
Flash point (open cup), ° 
Freezing point, °C. 
Heat of vaporization (Btu/Ib. at 1 atm.) 
Molecular weight 
Refractive index (np at 20°C.) 
Solubility, % by wt. at 20?C .: 
in water 
water in 
Specific gravity, 20/20°C. 
SG/T. 
Specific heat at 15°C. 
Ib./gal. at 60°F. 
Vapor pressure, mm. Hg at 20°C. 


Viscosity (absolute) in centipoises, 20°C. 
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С АЕ 
О 


It is found to be an excellent low-boiling 


It is also a solvent 


0.01 


34.0 
-26 

-52 
0.037 
0.00157 


33.0 
37.0 
-35 
-104.4 
· 160 
58.08 
1.3657 


40.5 
12.8 
0.8304 
0.00125 
0.465 
6.96 
449 

0.4 


Table 10.27: Freezing Points of Solutions of Ethylene Oxide and Propylene Oxide (79) 
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Table 10.28: 1,2-Butylene Oxide (2) 


1, 2~Epoxybutane CHC 22 


],2-Butylene oxide is a colorless mobile liquid. This low boiling liquid has but limited water solubility, yet is miscible 
with most common organic solvents. It undergoes the usual reactions of epoxides with compounds having labile hydrogen 
atoms. Some of these are acids, amines, ammonia, alcohols, phenols, polyols, thiols, etc. Butylene oxide can be poly- 
merized or copolymerized with other alkylene oxides to yield polyethers. The resulting polymers are less woter soluble 
than the polymers made from ethylene and propylene oxide, of equivalent chain length. 


Boiling point, ?C. at 760 mm. 63.2 Surface tension at 20°C., dynes/cm. 23.9 
Coefficient of expansion at 20°C, 0.00132 Vapor pressure, mm. Hg at 20°C. 14] 
Freezing point, °C. -150 Viscosity (absolute) in centipoises: 
Heat of combusion (Btu/Ib. at 25°C.) 14,665 0°C, 0.54 
Heat of vaporization (Btu/lb. at 1 atm.) 20°C. 0.41 
and 63.2°C. | 181 40°С. 0.33 
Molecular weight 72.11 
Refractive index (np at 20°C.) 1.3840 
Solubility, 96 by wt. at 20°C.: 
in water 5.91 
water in 2.65 


Table 10.29: CARDOLITE NC-513: (71) 
TYPICAL PROPERTIES: 


Viscosity (à) 25?C [ cPs ] 50 


Epoxy equivalent weight | LEW | 490 










CHEMICAL STRUCTURE: 


о 
а 
СН, - СН - СН, 
| 
О 


Flash point (closed cup) 400?F/2059C 


Density (à) 25 ?C [Ibs/gal (kg/l)] 


Color [ Gardner ] «13 


Арреагапсе 


Cis Н;; 


Hydrolyzable Chiorine 





Recommended PHR (liguid epoxy resins, EEW = 190) 


DESCRIPTION: Cardolite® NC-513 is a unique reactive epoxy flexibilizer and diluent. This low viscosity 
fluid has predominantly one reactive epoxy group per molecule which combines chemically 
into the epoxy system. 


APPLICATIONS: 

Flexibilization of solvent free and high solids surface tolerant marine and industrial coatings. 
Industrial flooring requiring excellent chemical-. water- and abrasion resistance. 

Preparation of amine adducts. ; 

Coatings in contact with potable water (NSF approval) 


ADVANTAGES: 


Excellent chemical and water resistance 

Increased thermal shock resistance 

Maintains electrical properties 

Low volatility 

Aids in Bis-Phenol F resin and Curing Agent compatibility 


REGULATIONS : - United States Department of Agriculture acceptance. 
- National Sanitation Foundation (NSF), coatings for use with potable water; NC-513 is 
being used in coatings that have NSF approval. 
- Ozone Depleting Chemicals-certification that products are not classified as / are not 
manufactured with Class 1 or Class ІІ ozone depleting chemicals. 


Table 10.30: 1,4-Dioxane (2) 


1,4- Dioxan 

1, 4-Diethylene Oxide 
Dioxyethylene Ether 
Diethylene Ether 
Diethylene Dioxide 
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О 
Ж 
Hoy T2 
Н2С CH2 


Yer 


1,4-Dioxane is a colorless, stable liquid with a faint, pleasant odor. Although it has been known as far back as 1863, 
it was not until 1929 that is became commercially available. 1t is chemically a di-ether obtained by the loss of water 

from. two molecules of ethylene glycol. it is completely soluble in water, as well as most organic solvents. It is freely 
soluble in mineral, vegetable, blown and heat-bodied oils, and oil! soluble.dyes. Most waxes are more readily soluble 
in dioxane when heated and examples of these are beeswax, carnauba, montan, paraffin, gilsonite, and Japan wax. 


Table 10.31: Trioxane (2) 


Acidity (as acetic) 

Boiling point 760 mm 
Distillation range at 760 mm 
Coefficient of expansion 


Electrical conductivity at 25°C 
Flash point 

Freezing point 

Heat of combustion 

Heat of fusion 

Heat of vaporization 
Refractive index at 20°C 
Specific gravity at 20/20°C 


Specific heat at 20°C 

Surface tension at 25°C 

Solubility in water at 20°C 

Solubility of water in dioxane at 20°C 
Viscosity at 25°C 

Vapor pressure at 20°C 

Water content at 20°C 


Weight per gal at 20°C 


0.010% by wt, max 
101.3°С 

95-103*C 

0.001030 (per °C) to 20°C 
0.001070 (per °C) to 55°C 
2 X 10-8 recip. ohms 
65°F 

11.7°С 

581 kg cal/mol 

33.8 cal/g 

98.6 cal/g 

1.4221 

1.0356 

1.0353 

0.420 cal/g 

36.9 dynes/cm 

Complete 

Complete 

0.0120 poise 

20.0 inm Hg 


Miscible without turbidity 


with 19 vol. 60° Be gasoline 
8.61 lbs 


О 

Cyclic Trimeric Polymer of Formaldehyde | 
С 

ха 


Trioxane is a most unusual chemical. It is an excellent solvent for many classes of materials. Concentrated aqueous 
solutions of trioxane have solvent properties which are not possessed by trioxane itself. Molten trioxane dissolves numer- 
ous organic compounds, such as naphthalene, urea, camphor, dichlorobenzene, etc. It is stable in alkaline or neutral 
solutions, yet it is depolymerized to formaldehyde by small amounts of strong acid or acid-forming materials, and the rate 
of depolymerization can be readily controlled. 


| Properties 
Colorless, crystalline compound Solubility: | 
Molecular weight 90.05 Water Readily soluble 
Odor Mild, pleasant Alcohols Readily soluble 
Melting point 61C Ketones Readily soluble 
Boiling point 115 С Ethers Readily soluble 
Vapor Pressure: Esters Readily soluble 
25 С 13 тт Chlorinated hydrocarbons Readily soluble 
86 С. 283 тт Aromatic hydrocarbons Readily soluble 
1145 С 759 тт Vegetable oils Readily soluble 
129°C 1212 mm Naphthalene Readily soluble 
Flash point 45 С Phenol Readily soluble 
Density (molten) at 65°C 1.170 Petroleum ether Slightly soluble 
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Table 10.32: Vinyl Methyl Ether (2) 


CH2=CHOCH3 


Vinyl methyl ether is a gas at ordinary temperature and pressure. When condensed it is a colorless, mobile liquid having 
a vapor pressure at 760 mm. at 5.5°C. It is miscible with most organic solvents, but only slightly soluble in water or 
polyhydroxy organic compounds such as glycols. In volatility and flammability it resembles liquefied petroleum gases. 


Boiling point, 760 mm. 

Flash point (Cleveland open cup) 
Freezing point 

Molecular weight 

Odor 

Refractive Index 

Solubility in water at 25°C. 


Table 10.33: Vinyl Ethyl Ether (2) 


Boiling point, "С.: 
760 mm. 
50 mm. 
10 mm. 
ABP/AP., °C./mm. Hg 
Coefficient of expansion at 55°C. 
Flash point (open cup), °F. 
Freezing point, °C. 
Heat of vaporization (Btu/Ib. ot 1 atm.) 


5.9 C. 


-69?Е. (-56"С.) 


-122°С. 
58.08 


Sweet, pleasant 


1.3947 
0.82% Бу wt. 


Solubility of water in ether at 25°C. 
Specific gravity at 5.7/4°C. 
Specific gravity at 20/4°C. 

Vapor pressure at 25°C. 

Vapor pressure at 70°F. 

Weight per gallon at 25°C. 


СНо--СНОСН2С H3 


95:5 
-24 

-49 
0.038 
0.00165 
belaw 0 
-115.3 


161 


Table 10.34: Vinyl 2-Chloroethyl Ether (2) 


Boiling point, °C.: 

760 mm. 

50 mm. 

10 mm. 

A BP/AP., °C./mm. Hg 
Coefficient of expansion at 55°C. 
Flash point (open cup), ?F. 
Freezing point, ?C. 

Heat of vaporization (Btu/Ib. at 1 atm.) 
Molecular weight 
Refractive index (np at 20°C.) 


Table 10.35: Vinyl Butyl Ether (2) 


Boiling point, °C.: 
760 mm. 
50 mm. 
10 mm. 
A BP/AP., °C./mm. Hg 
Coefficient of expansion at 55°C. 
Flash point (open cup), °F. 
Freezing point, °C. 
Нес! of vaporization (Btu/lb. at 1 atm.) 


Molecular weight 

Refractive index (np at 20°C.) 

Solubility, % by wt. at 20°C.: 
in water 
water in 

Specific gravity, 20/20°C. 
ASG/AT. 

Vapor pressure, mm. Hg at 20°C. 


Viscosity (abs.) in centipoises, at 20°C. 


CH2—CHOCH2CH?2CI 


109.1 


39 
10 


0.044 
0.00118 


90 


-69.7 


154 


106 .55 
1 .4381 


Solubility, % by wt. at 20°C.: 
in water 
water in 
Specific gravity, 20/20°C. 
ASG/AT. 
Vapor pressure, mm. Hg at 20°C. 
Viscosity (abs.) in centipoises: 
0°C. 
20°C. 
40°C. 


CH2=CHOC4Họ 


94.2 


24 
-4 


0.044 
0.00133 


15 


-112.7 


137 


Molecular weight 
Refractive index (np at 20°C.) 
Solubility, % by wt. at 20°C.: 
in water 
water in 
Specific gravity, 20/20?C. 
ASG/AT. 
Vapor pressure, mm. Hg at 20°C. 
Viscosity (abs.) in centipoises, 20°C. 


0.51% by wt. 
0.7694 
0.7511 

1550 mm. Hg 
28 psi abs. 
6.17 Ibs. 


72.10 
1.3774 


541 
0117 


Оо осо о 
моо мм «0 


.0498 
.00123 


=> — о о 


о о – 
о со 1- 


100.16 
1.4007 


0.30 
0.09 
0.7803 
0.00100 
40.4 
0.5 
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Table 10.36: Vinyl Isobutyl Ether (2) 
CH,—CHOCH СНС), 

Boiling point, °C.: Refractive index (np at 20°C.) 1.3961 

760 тт. 83.4 Solubility, % by wt. at 20°C.: 

50 mm. 17 in water 0.2 

10 mm. -7 water in 0.08 

A BP/A P., °C./mm. Hg 0.045 Specific gravity, 20/20°C. 0.7706 
Coefficient of expansion at 55°C. 0.00140 ASG/AT. 0.00104 
Flash point (open cup), ?F. 15 Specific heat at 15°C. 0.512 
Freezing point, °C. -132.3 Vapor pressure, mm. Hg at 20°C. 59.5 
Heat of vaporization (Btu/ib. at 1 atm.) 144 Viscosity (abs.) in centipoises, at 20°C. 0.4 
Molecular weight 100.16 
Table 10.37: Vinyl 2-Ethylhexyl Ether (2) 

CH,—CHOCH^CH(CAH,)C На 

Boiling point, °C.: Refractive index (np at 20°C.) 1.4273 

760 тт. 177.7 Solubility, % by wt. at 20°C.: 

50 mm. 95 in water 0.01 

10 mm. 62 water in 0.05 

АВР/АР., °C./mm. Hg 0.053 Specific gravity, 20/20°C. 0.8102 
Coefficient of expansion at 55°C. 0.00107 ASG/AT. 0.00084 
Flash point (open cup), ?F. 135 Vapor pressure, mm. Hg at 20°C. 0.60 
Freezing point, °C. 100* Viscosity (abs.) in centipoises: 
Heat of vaporization (Btu/lb. at | atm.) 129 0°C. 1.5 
Molecular weight 156.26 20°C. 1.0 


*Sets to a glass below this temperature 


Table 10.38: Typical Properties of the Vinyl Ethers (49) 


Melting 
Point Boiling Point Flammability 
Vinyl Ether ос Temp. °C at om Hg Pressure ор 
Methyl -122° 5-60 760 -690 (а) 
Isopropyl -1409 55-569 760 - 
Isobutyl -1129 250 77 209 (a) 
839 760 
2-Ethylhexyl „1009 62-649 18 - 
1789 760 
Isooctyl -809 80о 25 1409? (а) 
175-69 760 
Decyl 2419 60-989 5 1859 (a) 
Cetyl 169 1429 1 3259 (а) 
1739 5 
Octadecyl 28° 124-1689 2 3509 (а) 
147-1879 5 
Dimethylaminoethyl - 42-440 30 110° (b) 


(a) Flash point - open cup method. — (b) Fire point - ASTM D-92. (continued) 
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Table 10.38: (continued) 


Typical 
Pounds Vinyl 
Refractive Specific per Gallon Ether 
Vinyl Ether Index Gravity @ 25°C Content 
Methyl 13947722 0.7694 M 6.17 991 
Isopropyl 1.3849 20 0.753. 20 6.28 98% 
Isobutyl 1.3965 20 0.768 20 6.40 98 
"m D 4 Е 
2-Ethylhexyl 1.4273 2 0.810 20 6.74 95% 
Isooctyl 1.4256 2 0.802 20 6.66 987, 
Decyl 1.4278 2 0.812 29 6.75 984, 
Cetyl 1.4444 2 0.822 Hu 6.85 971 
Octadecyl 1.4440 30 0.80 cast solid 95% 
| D 0:82122911quid 6.84 
Dimethylaminoethyl 1.4225 45 0.830 20 6.85 99% 
Table 10.39: Phenyl Methyl Ether (2) 
Anisole –О-СН, 


Anisole is a high-boiling, mobile, straw-colored liquid with excellent thermal stability. It is immiscible in water and 
glycols but completely miscible with most common solvents. It is useful as a solvent for many organic compounds and it 
has unusual solvency for asphalts and pitches. 


Boiling point at 760 mm. Hg, °C. 153.8 
Flash point (Cleveland open cup), °F. 125 
Heat of combustion, kcal./g. mol 905.2 
Heat of vaporization at boiling point, cal./g. mol 8.8 
Refractive index (np at 20°С.) 1.5165 
Molecular weight 108.13 
Specific gravity, 18°/4°C. 0.996 
Specific heat: 
24°С. 0.422 
31.6°С. 0.462 
Vapor pressure, mm. Hg: 
40°С. 8.4 
60°С. 25 
80°С. 63 
100°C. 140 
120°C. 275 
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Table 10.40: Dibenzyl Ether (2) 


а 
JQ 
Sus 


Dibenzyl ether is a clear, almost colorless liquid. It is miscible with alcohols and ethers, but insoluble in water. Di- 
benzyl ether is used as special solvent and delustering agent for textiles. 


Boiling point, °C.: Flash point (open cup) °F. 275 
760 mm. 298 Melting point, ?C. 5 (approx .) 
15 mm. 165-168 Molecular weight 198.3 
Distilling range, °C.: Specific gravity, 25°/25°C. 1 .041-1 .045 
590 | 220 (тіп.) Solidifying temperature, °F. below 45 
50% 300 
dry point 308 


Table 10.41: Diphenyl Oxide (77) 


И Ло A 


Diphenyl Ether 


— 


Dipheny! oxide is a practically colorless crystalline solid with a strong geranium-like odor. It is almost completely in- 
soluble in water, but dissolves in most of the common organic solvents. Its high thermal stability at temperatures as high 
as 350° to 400°C. together with its noncorrosiveness and general chemical inertness make it eminently suitable as a com- 
ponent of high-boiling heat transfer media. 


TYPICAL PROPERTIES 


Molecular weight 170 
Diphenyl oxide ин i aie >99% by weight 
Стума и ту роди 0. 0... 266°C 
Distillation range at 760 mm Hg: 

initial boiling point ВЕ - 2570 С 

5% by volume ... 0: Е 254:0°C 

95% by volume ... Ж m 256-0°С 

final boiling point T e 260°0°C 
Fiash point (Pensky Martens closed 

cup) Е 255 с 240°F (115°C) 
Ash а on за t а 0:00196 фу weight 
Acidity (as hydrochioric acid) b 0:00196 by weight 
Water content... ... 2 2 002% by weight 
Phenol content ... n A ко 002% by weight 


PHYSICAL PROPERTIES 
The following are values for pure diphenyl oxide ; 


Dessiy м 304 С пп... 1066 лі 
Latent beat of fusion... .. ...  229са/; 
Specific heat at °C... .. .. 040 
Vapour pressure af 25°C. .. 002mm Hg 
Viscosity at 25°C  ... Ж Ps 3:86 сР 


Refractive index n% ... .. .. 1557870 
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Table 10.42: Miscelianeous Alkyl Aryl Ethers (2) 


These ethers are generally high-boiling, water insoluble liquids of pleasant odor, miscible with a variety of organic sol- 
vents and commercial oils, fats, waxes and resins. 


Physical Properties 


Boiling Flash Sp. Molecular 
Formula Raoge “C Point *F Gravity Wt. 
20/20 
Methyl Phenyl Ether CHOCH, 150-160 120 0.993 
(Anisole) 
n-Butyl Phenyl Ether Снос, 202-212 180 0.929 
Amy! Phenyl Ether C;H,,0C.H; 214-229 185 0.924 164.1 
p-tert-Amylphenyl Methyl C;HiC.sH,OCH; 239-243 210 0.942 
Ether 
p-tert-Amylphenyl-n-Amyl CHa CHOCH 285-295 260 0.995 234.2 
Ether 


Amyl Benzyl Ether C,Hi;0CH;C4H, 224-239 175 0.912 
Апу! Tolyl Ether CsH,,O0C,H,CH; 240-264 195 0.916 
Ату! Бета Naphthyl Ether CHOCH: 320-350 310 1.01 

Amyl Xylyl Ether C,Hi0C4H;(CH;) 250-263 205 0.907 


Table 10.43: Furan (11) 
HC—CH 
ГТ 
HC CH 
\ 


Furan is a cyclic dienic ether stabilized by benzene-like resonance. Because of its conjugated unsaturation and hetero- 
cyclic atom, furan will undergo many types of reactions. it is, therefore, of interest as a chemical intermediate for 
pharmaceuticals, insecticides and fine chemicals. The heterocyclic oxygen atom in a ring with conjugated unsaturation 
gives furan a combination of ether, aromatic and olefinic characteristics. This polyfunctionality permits it to undergo a 
variety of reactions. Compared to benzene, the furan ring has greater reactivity, and is more susceptible to cleavage, 
thus resembling the vinyl ethers. Like the vinyl ethers, the furan ring is cleaved by aqueous acids. This reaction 15 ас- 
companied by resinification. 


PHYSICAL PROPERTIES 


Physical State Liquid 

Color Colorless 

Odor Characteristic ethereal 
Specific Gravity at 209/49C, 0,937 


Freezing Point 
Vapor Density 
Boiling Point (760 mm,) 


-85,61°C, (-122,10°F.) 
0.170 lb./cu, Ес. 
31.3°C, (88.45°F.) 


Flash Point (Tag, closed cup) -329F, 
Refractive Index n20/D 1,4214 
Molecular Weight 68.07 


Flammability or Explosive Limits 2,3-14,3 vol. % in air 


Heat of Vaporization at 31,2°C, 
Heat of Combustion at constant vol, 
Critical Temperature 

Heat of Formation at 25°C, 


95.5 cal. /gram 

500,1 kg,-cal,/gram-mole 
2149с, 

- 14,9 Кса1,/то1е 


Solubility in: 
Water (wt, % at 25°C,) 1 
Most organic solvents oO 


Table 10.44: 2-Methylfuran (2) 


d p 
Sylvan HC С.СН; 
ON и 9 
O 


2-Methylfuran is a cyclic diene possessing ether-like properties. It is highly reactive with many inorganic and organic 
compounds yielding a variety of new derivatives which await exploration for the development of commercial applications. 


(continued) 


Table 10.44: (continued) 


Appearance 

Odor 

Molecular weight 
Boiling point at 760 mm 


Freezing point 

Specific gravity, 20*C./4*C. 

Index of refruction, N20/D 

Flash point 

Vapor pressure at 15°C, (59°F) 
20°C. (68°F) 
25°C. (77°F) 
30°C, (96°F) 

Solubility in water at 25°C 


Ethers 


Colorless, mobile liquid 
Ether-like 
82.008 


62-64°С (144-47°Е) 
—88°С (—126.4°Е) 

0.915 

1.434 

—30°С (—22°Е) 

110.5 тт 

139 mm 

174 mm 

216 тт  . 

Less than 0.3 gm/100 gm. 
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Table 10.45: Tetrahydrofuran (11) (49) 


Product information 


Tetrahydrofuran (THF, tetramethylene oxide, diethylene oxide, 1,4-epoxybutane, tetrahydrofurane, oxolane) is 
an industrial solvent widely recognized for its unique combination of useful properties. DuPont THF is better than 
99.9% pure with a smail (0.025-0.040 wt %) amount of butylated hydroxytoluene (BHT, 4—methyl-2,6-di~tert- 
butyl phenol) added as an antioxidant. Tetrahydrofuran is a cycloaliphatic ether and is not “photochemically 


reactive" as defined in Section k of Los Angeles County's Rule 66 (equivalent to Rule 442 of the Southern 


California Air Pollution Control District). THF has an ethereal odor. 


Molecular Weight 72.108 
Boiling Point (760 mmHg}, °C (^F) 66 (151) 
Freezing Point, °C (°F) -108.5 (-163) 
Vapor Pressure, 20°C (68°F), 
mm Hg (kPa) 143 (19.1) 
Density, Liquid, 20^C (68?F), g/mL (mg/m?) 0.888 
Ib/gal 741 
Vapor (air - 1) 2.49 
Evaporation Rate (n-buty! acetate = 1) 8.0 
Viscosity, 20°C (68°F), cP (MPa-s) 0.48 
Surface Tension in Air, 25°C (77°F), 
dyn/cm (mN/m) 26.4 
Refractive Index, n 7 
1.4073 
Heat of Vaporization (at bp), cal/g 95 
Btu/Ib 171 
kJ/kg 398 
Heat of Combustion (—Ah9 
at 25°C (77°F) liq kcal/mol 598.4 
Btu/ib 14938 
kJ/g 34.72 
Specific Heat, Liquid, 
20°C (68°F), cal/g-C (Btu/ib-F) 0.469 
kJ/kg-K 1.97 
50°C (122°F), cal/g-C (Btu/tb-F) 0.496 
kJ/kg-K 2.090 
Vapor, 66°C (151*F], cal/g-C (Btu/Ib-F) 0.37 
kJ/kg-K 1.55 


Physical Properties of Tetrahydrofuran 


Coefficient of Thermal Expansion, 
10--20°C, av/°C 
50-68°F, av/°F 


Flash Point (TCC},°C (°F) 

Autoignition Temperature, °C (°F) 

Flammability Limits in Air, 25°C (77°F), lower 
upper 

Critical Temperature, °C (°F) 

Critical Pressure, atm (MPa) 


Dielectric Constant, £, 20°C (68°F) 
30°C (86°F) 
Conductivity, 25°C (77°F), u mhos/cm 
и $/т 


Dipole Moment, p, 25-50°C (77-122°F), 
Debye Units 


Solubility Parameter, 5 
Hydrogen-Bonding Index, y 


Miscibility: water, esters, ketones, alcohols, 
diethyl! ether; aliphatic, aromatic and 
chlorinated hydrocarbons 


0.00126 
0.00070 


-14.4 (6) 
321 (610) 


2 
11.8 


268 (514) 
51.2 (5.19) 


7.54 
7.25 


0.015 
1.5 


1.6 
9.1 
5.3 


Infinite 


(continued) 
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Vapor Pressure of Tetrahydrofuran 


Mercury, mm 


Density of Tetrahydrofuran 


30 


Temperature, °C 


Density, Ib/gal 


140 


120 


40 80 
Temperature, *F 


20 





(сш/бш) пшуб Аувчга 


Temperature, °F 


J | 210 
1 


711 
РРР 





9. can 1 


kPa 


(continued) 
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Flash Points of Tetrahydrofuran-Water Solutions (by Setaflash Closed Tester) 










Combustible и 
100 11| 100 
" | | _ | | ||| |/ i 
| ° | || у. и 
. || й 
іа е 26 
111 
pes 
14 | || | || 
0 
0 10 20 30 40 50 60 70 80 go 100 % Water 
%THF 100 90 80 70 60 50 40 30 20 10 0 


Ref.: Culver, L. J., “Modern Paint and Coatings,” Vol. 71 (1981), No. 10, рр. 145-149. (С. А. 96(10) 70460F) 


Tetrahydrofuran-Soluble Plastics, Resins, and Elastomers 


Acrylic Resins 

Methyl methacrylate polymers 

Ethyl, butyl, and other methacrylate polymers 
Acrylic polymers and copolymers 


Alkyd and Amino Resins 

Alkyd resins 

Urea formaldehyde resins (uncured) 
Phenol formaldehyde resins (uncured) 


Cellulosics 

Cellulose acetate 
Cellulose acetate butyrate 
Cellulose acetate stearate 
Ethyi cellulose 
Nitrocellulose 


Miscellaneous Resins 
Acrylonitrile-butadiene-styrene copolymers 
Styrene-acrylonitrile copolymers 
Chlorinated polyethylene 
Polycarbonates 

Polysulfones 

Epoxy (uncured) 

Silicones (uncured) 

Polyesters (low molecular weight) 
Polyamides (low molecular weight) 
Polystyrene 

Styrene-butadiene copolymers (some) 


Elastomers 

Butadiene-acrylonitrile copolymers (some) 
Chlorinated rubbers 

Chlorosulfonated polyethylenes 
Polysulfides 

Polyurethanes (uncured) 

Rubber (natural, unvulcanized) 
Chloroprene elastomers 


Vinyl Resins 

Polyvinyl acetate 

Polyvinyl butyrate 

Polyvinyl butyrals 

Polyvinyl! chioride 

Vinyl chloride copolymers 
Vinylidene chloride copolymers 
Vinyl acetate/ethylene (some) 


Natural Resins 

Congo ester 
Coumarone-indene 

Raw dammar 

Ester gum 

Manila copal 
Pentaerythritol ester gum 
Rosin 

Shellac (many) 


(continued) 
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Table 10.45: (continued) 


Vapor-Liquid Equilibria of Tetrahydrofuran + Water (760 mmHg) - 
1.0 





















0.8 
б 
б 
> 
Е 06 
LL 
Е 
5 
5 
i 04 
o 
© 
= 
0.2 
0 
Mole Fraction THF in Liquid 
Chemical Structure (49) Typical Properties (49) 
Physical Form | 2 liquid - 
но--сн. Color (APHA) 20 max Ка 2222. 
"i THF Assay (96) 7 99.8 min 
He Total impurities (wt%) 22222 0125 тах ЊЕ 
____уајег Сопет (м%) ______________ О Од тах ____ E 
Peroxides (as THF-hydroperoxide, wt%) 00бмж || 
Tetrahydrofuran (mol. wt. = 72.1) Stabilizer (wt %) 0.025-0.04 
Other Impurities | 0.05 тах x 
C.A. No. 109999* Boiling Point 66°C, (151 "F) ы . 
Ober bon nas aie Freezing Point | -108.5°С (-163°F) 2 
Diethylene Oxide | Liquid Density (20°C) | 0.888 g/cc (7.41 Ib/gal) Дара 
1,4-Epoxybutane Vapor Density (air = 1) 2.56 calc. 
Oxacyclopentane Specific Gravity (20/4°C) | | ______0.886-0.888 _ 
Oxolane Viscosity (20°C) 22) — O83eps LL. 
The GAF product assays better than 99.8% ошаса Tension (25 ©) 20 1 dynos om 
and is stabilized with 0.025% of the antiox- Refractive Index (ng”) 1.4073 
idant BHT (4-methyl-2,6-di-tert.-butyl phenol). Coefficient of Cubical Expansion (10-20°C) 0.00129 Av/°C (0.00070 Av/ °F) 
Flash Point (Tag closed cup) | -14.4°С (6°Е) _ 
*SOCMA “Handbook Commercial Organic Chemical Flammability Limits (%/vol in air, 25°C) 2 (lower); 11.8 (upper) 
Names” Chemical Abstracts Registry Number (ACS Ignition Temperature 321°C (610°F) 
no Specific Heat (cal/g/ "C) lor Liquid 0.469 calc. at 20°C. 
; 0.496 calc. at 50°C 
Specific Heat (cal/g/°C) for Vapor 0.37 calc. at 66°C | 
Latent Heat of Vaporization (cal/g, 66°C) 98.1 calc. 
Critical Temperature 268°C (514°F) 
Critical Pressure Виена ___51.2atm 
Heat of Combustion (kg-cal/mole) . 597 сас. 4 
Heat of Formation (kg-cal/mole) | 52,7 сак. 
“ров Мотеп! (25-50“С) 17 Debye 
ielectric Constant (20°C) |. 7.58 


Conductivity (mhos/cm, 25*C) 15x10" 
Evaporation Rate (n-butyl acetate = 1) 8.0 
Solubility Parameter . 9.1 calc. 
tydrogen-Bonding Index 5.3 


Miscibility with water, alcohols, diethyl ether, esters, 
ketones, aliphatic, aromatic, and chlorinated 
hydrocarbons intinite 


® These data are typical of curren! production but are nol necessarily specifications. | 
(continued) 


Table 10.45: (continued) 


High Solvent Capacity for Resins 


Many THF applications are based on its sol- 
vent capacity for resins, including 
high-molecular-weight vinyls. For example 
THF is the solvent-of-choice for: 

2 PVC pipe welding and bonding of other 
molded items 

а Vinyl topcoating formulations, e.g. for auto- 
mobile roofs and upholstery 

e Magnetic tape binder systems 

a Thermoplastic polyurethane coatings 

a Printing inks for plastics 

= Polyurethane adhesives for shoes 

a Polyester laminating adhesives 

a Polymer reactor cleaning 


Extraction Solvent 
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PVC, CPVC, polyvinylidene, and vinyl chloride 
copolymers dissolve readily in THF at room 
temperature. Solutions with high solids con- 
tent and workable viscosities can be prepared. 
Many other resins, elastomers, and uncured 
polyurethanes and epoxies are soluble. The 
list includes: 


THF is an excellent extraction solvent for 
many natural products, including alkaloids, 
fats, waxes, rubbers, and resins. The follow- 
ing natural resins are soluble in THF: 


congo ester 


coumarone-indene 


ester gum 
dammar 
manila copal 


pentaerythritol ester gum 


rosin 
shellac 


A 66° boiling point allows refluxing in normal 
water-cooled systems without loss of THF; it 
also simplifies separation and recovery of the 


desired product. 


Mixtures of THF and water are especially 
effective solvents for alkaloids, such as 


caffeine. 


Typical Range of Resin Solubilities in THF vs МЕК 





Resin 
Type 


Polyvinyl Chloride’ 

Chlorinated Polyvinyl Chloride? 
Poly (Vinyl Chioride/Viny! Acetatey 
Polyurethane‘ 

Polyvinylidene Chloride® 


Exon” 654 (Firestone) 

"Geon" 121, 101, 1083EP (Goodrich) 
PVC-71 Dispersion (Diamond Shamrock) 
PVC Pearls 2200, 2250 (Escambia) 
"Marvinol" 10 (Uniroyal) 

"Vinylite" QYNV (Union Carbide) 
"Vygen" 110, 120 (General Tire) 


Wt% Resin for 2500 cps, 25°C 


THF MEK 
13-20 <3-5 
16 <5 
27-40 17-22 
17 <3 
44 <3 


*Hi-Temp ‘‘Geon"’ (Goodrich) 


*"Vinylite" VYNS, VMCH, 
VYHH, VAGH (Union Carbide) 


*'Estane'' 5701 F-1 (Goodrich) 
““багап” Ғ-242 (Пом) 


GR pe Rt I И See 
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Table 10.45: (continued) 


Rapid Evaporation 
and Diffusion Rates 





When used in topcoating, printing, or other con- 


tinuous operations, THF has a distinct advantage 


over many other solvents due to its rapid evapora- 


tion and diffusion through plastic films. This can 


substantially reduce costs by permitting increased 


machine speeds. 


Solvent 


THF 

DMF 
1,4-Dioxane 
Ethyl Ether 
MEK 
Toluene 
Butyl Acetate 


Comparative 
Evaporation Rate 


800 
30 
310 
3300 
570 
240 
100 


The rate of diffusion of THF through PVC or poly- 
vinylidene films is about twice that of MEK. 


Typical 
Resin-Sovent Applications 


Advantages of THF 





Welding PVC pipe 
and bonding molded 
plastic articles. 


Topcoating 
formulations 
for vinyl fabric 
and sheeting 


Magnetic tape 
manufacture 


Pigmented 
polyurethane 
coatings 


Shrink and blister 
packaging 


Gives rapid, uniform bite into substrate. Can 
be used uncompounded as primer coat for 
cement. Has short set time or can be used 
with cosolvent to control set time. Compati- 
ble with inorganic fillers. Contributes excel- 
lent bond strength. Can be used with highest 
molecular weight resins for toughness. Low 
viscosity solutions simplify application by 
machine or hand. Stabilizes adhesive solu- 
tions and minimizes gelling. Redisperses 
accidentally gelled formulation. Rapid evapo- 
ration increases production rates. 


Exceptional capacity for high-molecular- 
weight resins. Coatings are dielectric heat 
sealable, resistant to plasticizer migration, 
have good strength and durability. Can be 
used in solvent mixtures to stabilize the 
cosolvent and reduce viscosity. 


Promotes uniform coating thickness when 
used in the binder system or in prime coats 
on polyester ог celtulose acetate. Rapid dry- 
ing. Increases production rates. 


No effect on colors. In solutions with coales- 
cents, produces good films for transfer coat- 
ing fabric laminates employing urethane- 
based adhesive tie coats. 


Produces films with strength, clarity and uni- 
formity; more impermeable to moisture and 
air than many calendered or organosol-cast 
films. Requires minimum amount of solvent 
which is easily recovered for low cost. Rapid 
evaporation and diffusion reduce solvent 
retention and bubble formation. 


(continued 
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Table 10.45: (continued) 





Typical 

Resin-Sovent Applications Advantages of THF 

Cellophane coating Minimizes gelling of coating formulation. — . 
Gives high coating speeds. Improves clarity 
and functional properties of cast film. 

Printing inks Permits use of high-molecular-weight resins 
for ink toughness. Can be used in flexo- 
graphic and gravure inks and for printing 
PVC wire insulation and vinyl sheeting or fab- 
rics. Quick bite and rapid evaporation 
reduces smears. 

Cleaning polymer Water flushable. Removes vinyl, polyureth- 

reactors, engines, ane, ABS, polystyrene, and other resin 

machinery; paint deposits. Residues usually dissolve with mild 

removers | agitation. Easily recovered. Can be used to 


improve formulations for paint removers 
based on nonflammable solvents. Has syner- 
gistic effect in cold cleaners. 


Table 10.46: 2,3-Dihydropyran (2) 
CH; 
СН, СН 
ің, ba 
$ б / 


Physical Properties 


Colortess liquid 
with characteristic odor 


Molecular weight 84.11 

Boiling point 85-86°С 
20°С 

Sp., g. PG 0.923 


Table 10.47: Tetrahydropyran (2) 


Pentamethylene Oxide 


Tetrahydropyran reacts with chlorine to form mono-, di-, tri- and tetrachlorotetrahydropyrans. . Reaction with acid chlorides 
yields omega-haloamyl esters. Conversion to dihalides such as 1, 5-dibromopentane and 1, 5-dichloropentane can be effected. 
Ammonia and aliphatic and aromatic amines yield piperidine and substituted piperidines. it is used as a solvent for resins, 
plastics and rubbers. Lacquers can be made by dissolving certain organic film-forming substances in tetrahydropyran. Solu- 
tions of high solids content at a working viscosity can be obtained. A solution of nitrocellulose in tetrahydropyran gives 
clear, nonblushing films. Tetrahydropyran is miscible with water, drying oils and most common organic solvents. The 
ether-like structure and ability of tetrahydropyran to dissolve a wide range of nonresinous materials suggest its use as a 
reaction medium for chemical processes such as Grignard reactions. 


Appearance Colorless, mobile, liquid 
Odor Ether-like 

Molecular weight 86.13 

Boiling point 88°C at 760 mm 

Specific gravity, 20°C/4°C 0.8814 

Index of refraction, N20/D 1.420 

Flash point —4°F 


Solubility—Miscible with water; less soluble in hot than cold water. Miscible with 
alcohol, ether, and most common organic solvents. 
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Table 10.48: Tetrahydropyran-2-Methanol (79) 


CH40H 


| PHYSICAL PROPERTIES | Determined on specially purified sample 


Molecular Weight ..................................... 116.16 
Apparent Specific Gravity at 20/20°C. ......... внеле дарба 1.0272 
А $р.бг./А +, 1010 40°С. ............................ 0.00083 рег °С. 
True Dansity ас! 20°С. ................................. 1.0254 g. per ml. 
Boiling Point 
; 98$ 760. mm. Hg cereo n dr қы» вині rais 186.8?C. 
me TM CDD 154?C. 
61:10. mm. Hg «uas da ODER У у Ба 72 С. 
Vapor Pressure ot 20°C. .............................. «0,1 mm. Hg 
А Ь.р./А р., 750 то 770 тт. Нд ......................... 0.051 °С. рег тт. На. 
Absolute Viscosity 
ar OC арыма ы Фа БЕ 29.3 cps. 
ОРО Се ОЛО ОЕ ЛГ ЛОГ ТЕК 11.0 cps. 
СЛО С ноо а зен ыы ee edes 5.4 cps. 
$огбасе Тепзтоп аї 25°С. ............................. 34.1 дупеѕ рег ст. 
Frees ing: Point oor vod ое акра Я -70?C. (a) 
Heat of Vaporization at јат. ......................... 164 Btu per Ib. 
at 300 mm. Hg ..................... 173 Btu рег \Ъ. 
Refractive Index, np 202 ek нс отта сое 1.4581 | 
/O8S 7A E; 20 10: A0 C. E Вин ва В върл 0.00043 per ?C. 
Solubility 
in Waterot 20°C. оа рна оо ее Complete 
Woier-In-dt 209 C... анана ун ааз Complete 


Solubility in Organi- Solvents at 25°C. 
acetone, benzene, ethyl ether, heptane, 


тетћћапа!, сагђоп јепасћјопде ..................... Complete 


Flash Point, Cleveland open cup (ASTM Method D92) ..... 200? F. (b) 


(a) Sets to o gloss below this temperature 
(b) Commercial material 


Table 10.49: Terpinyl Methyl Ether (2) 


Terposol No. 3 


This terpine ether known as terpinyl methyl ether is a light, colored liquid with a pleasant odor, which contains some 
impurities. It is a strong solvent for resins and is used in alkyd enamels to the extent of 2 per cent to which it imparts 


flow. 


(continued) 


Table 10.49: (сопНпизч) 


Апійпе point 
Color (Lovibond 500 Amber Series Glasses) 
Distillation range (ASTM) 
690 

50% 

90% 

95%, 
Flash point (Cleveland open cup) 
Freezing point 
Kauri-Butanol solvency value 
Moisture 
Refractive index at 20°C 
Specific gravity at 15.5/15.5°C 
Viscosity at 25°C (Ubbelohde) 
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Below —20°C 
1.0 


216.0°C 
216.6°C 
217.5°С 
218.°С 
178°F 
Below — 10°C 
Approx. 500 
0.10% 
1.4719 
0.0192 

31.8 ср 


Glycol Ethers 


Table 11.1: ARCOSOLV Ethylene and Propyiene Glycol Ethers (70) 


Physical Properties 





_—— ——M—À en TTR ва a Ь 


BOILING SPECIFIC EVAPORATION 











| ARCO CHEMICAL CHEMICAL РТ. *C GRAVITY LBS/GAL ВЕТА RATE 
TRADENAME NAME STRUCTURE CASI 760mm 20/20 20% FLASH*F (я-Видє «100) 


































































Propylene Glycol Methyl Ether CH4OCH;CHOHCH; 107-98-2 89 ТСС? 65 
Propylene Glycol Ethyl Ether СНАСН„ОСН,СНОНСН, 52125-53-8 95 47 
Propylene Glycol n-Propyi Ether CH4(CH;Z;,OCH;CHOHCH, 1569-01-3 119 TCC? 21 
Propylene Glycol t-Butyl Ether (CH34COCH;CHOHCH; 57018-52-7 25 
Propylene Glycol n-Butyl Ether CH34(CH;HOCH;CHOHCH; 5131-66-B 7 
Dipropylene Glycol Methyl Ether CH4(OCH;CHCH43),0H 34590-94-8 2 
Dipropylene Glycol n-Propyl Ether СНЗ(СН)ЈОСН,СНСНаЈџОН 29911-27-1 1.3 
Dipropylene Glycol t-Buty! Ether (СНАНСОСН„СНСН.ЏОН 132739-31-2 15 
Dipropyiene Glycol n-Butyl Ether CH,(CH,},{(OCH,CHCH,),0H 2991 1-28-2 0.4 
Tripropylene Glycol! Methyl Ether CH,(OCH,CHCH,),0H 25498-49-1 232 0.2 
Tripropyiene Glycol n-Buty! Ether СНАСН;,ЈОСН,СНСНаОН 55934-93-5 255 PMCC4 <1 





Ethylene Glycol Methyl Ether CH40C;H,OH 109-86-4 105 ТСС2 











Ethylene Glycol Ethyl Ether 





С,Н.ОС,Н,ОН 110-80-5 110 TCC2 






Ethylene Glycol Propyl Ether САНОСНАОН 2807-30-9 120 TCC2 












Ethylene Glycol Buty! Ether CH,(CH,}0C,H,OH 111-76-2 
CcH430C;H40H 
CAHSCH(C;HSCH;OC;H,OH 
CH3(OC?H,,OH 
CaHg(OC;H4OH 
C3H7{OC2H,)20H 


CaHg(OC2H«},0H 


143 ТСС2 









Ethylene Glycol Hexyl Ether 112-25-4 179 ТСС? 









Ethylene Glycol Ethy! Hexyl Ether 1559-35-9 208 






Diethrylene Glycol Methy! Ether 111-77-3 194 ТСС? 











111-90-0 







Diethylene Glycol Ethyl Ether 195 ТСС? 





Diethylene Glyco! Propyi Ether 





6881-94-3 200 TCC? 





112-34-5 





Diethylene Glycol Butyl Ether 232 COCS 


1 Developmental Product 

? Tag Closed Cup 

3 Closed Cup 

4 Pensky-Martens Closed Cup 
9 Cleveland Open Cup 


(continued) 
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| 3 | &URF. TENSION REN cas cas 


*s0L. 
ARCO ињо REF. INDEX DYNERCM mms „срв. HANSEN HANSEN 
TRADENAME 20°C 25% тес 20°C Р 





1 Developmental Product 

2 Tag Closed Cup 

2 Closed Cup 

520022227 Regulatory Information 


1 HMIS CODES П Ж” | ВАВА 
4 PERS. | ЭШИ ИА 
$i HEALTH FLAMM. REACT. PROT. jHEALTH FLAMM. REACT. HAP' — BEC. 203 


no 
no 
no 
no 
no 
по 
по 
по 
по 
по 





Table 11.2: Ashland Glycol Ethers (69) 





PRODUCT 

Glycol! Ether PM 
Glycol Ether EP 
Glycol Ether PP 
Glycol Ether PTB 
Giycol Ether EB 
Giycol Ether PB 
Glycol Ether DPM 
Glycol Ether DM 
Glycol Ether DE 
Glycol Ether DP 
Glycoi Ether DPP 
Glycol Ether DB 
Glycol Ether DPB 
Glycol Ether TPM 
Glycol Ether TPB 
_1n-Butyl Acetate = 1 12500 


LB./GAL. 


20°C 
7.65 
7.59 
7.36 
7.30 
7.51 
7.32 
7.92 
8.51 
8.25 
8.04 
7.67 
| 794 
7.63 
8.06 
|^ 778" 


'?Setaflash 





SP. GR. BOILING RANGE FL. PT. 
20°/20° С ос ор “Е ТСС 
0.918 117-125 243-257 91 
0.910 149-153 301-308 120 
0.882 150- 302- 119 
0.870 151- 304- 113 
0.903 169-173 336-343 150 
0.880 170- 338- 138 
0.851 180-193 356-379 172 
1.023 192-196 378-385 192 
0.991 198-205 388-401 196 
0.969 202-216 396-421 200 
0.922 212- 414- 190 

|. 0.954 227-235 441-455 220 
0.915 229- 444- 21212 
0.966 236-251 457-484 240 
0.9351 276- 529- 22 27712 


ЕУАР. 
RATE’ 


0.66 
0.22 
021 . 
0.06 
0.08 
0.03 - 
0.02 — 

соо. 

«001 - 

«001 

«001 2 

«001 - 
001 

«001 


86r 


уоодриц ззигаоб ]orgsnpu] 


Table 11.3: Chemcentral Glycol Ethers (67) 








GLYCOL ETHERS 

ETHYLENE GLYCOL ME THYLETHER үм 109 864 

‘ETHYLENE GLYCOL ETHYL ETHER T 110805 

ETHYLENE GLYCOL n-BUTYL F THER г 31762 

DIETHYLENE GLYCOL METHYL Етна DM 111 773 

 DIETHYLENE GLYCOL ETHYLETHER „БЕ | 111-900 

DIETHYLENE GLYCOL ETHYL ETHER — DESG | = 
| DIETHYLENE GLYCOL n.BUTYL E THER ов. 12345. 

“PROPYLENE GLYCOL METHYL ETHER PM 107-98-2 qe | 00107 А 2482. 
DIPROPYLENE GLYCOL METHYL FTHER — DPM 11459-94-8 ае : | 
ма Г оз | &бз лене | е ] rcm | ёз | жаз [бт [00 - 
атсс 
Rel | RSK Sa 
GLYCOL ETHERS маз 

1 THYLUNE GL YCOL CTHYL t THE в ЕЕ 

| THYLENE GLYCOL o BUTYt, ETHER EB 

DIE LH ENE GLYCO! METHYL ETHER DM 

 DIETHYLENE GLYCOL ETHYL ETHER РЕ 

ОН ТНУ СМЕ GLYCOL ETF ETHYL ETHER 7*5 DESG- 

(nt THYLENE GLYCOL п. BUTYL ЕТНЕН ов 

PROPYLENE GLYCOL METHYL ETHER РМ. 


DIPROPYL ENE Gi “GLYCOL А METHYL ETHER __ОРМ 


__ ТАНРВОРУ(ЕНЕ С ФЕ GLYCOL METHYL E ETHER TPM + 


а СС 


549924 10240 


667 
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Tabie 11.4: DOWANOL Glycol Ethers and Acetates (23) 


Nomenclature of DOWANOL Products 


‘DOWANOL PRODUCT | CHEMICAL NAME [FORMULA | склона | ено 














PM Propylene Glycol СН. ОС, НЕОН 2-Propanol, 1-methoxy- 107-98-2 
Methyl Ether 

DPM | Dipropylene Glycol CH,0(C3H_0).H | Propanol, (2-methoxy- 34590-94-8 
Methyl Ether methylethoxy)- 

TPM Tripropylene Glycol CH,0(C3H,0);H 2-Propanol, }-{2-(methoxy- 25498-49-1 





Methyl Ether 1-methylethoxy)- 
1-methylethoxy]- 


PMA Propylene Glycol CH;0C;H,OOCCH; 2-Propanol,1-methoxy, - 108-65-6 
Methyl Ether Acetate -Acetate 

DPMA Dipropylene Glycol CH,0(C3H,0),0CCH, Ргорапої, (2-methoxy- "1 88917-22-0 
Methyl Ether Acetate methylethoxy),-Acetate — | 

PPh Propylene Glycol сен.ОС„НЕОН 2-Propanol, 1-phenoxy- 770-35-4 
Phenyl Ether 

BC-100 Propylene-based 107-98-2 
Glycol Ether Blend 34590-94-8 

BC-200 Propylene-based 107-98-2 
Glycol Ether Blend 34590-94-8 

BC-300 Propytene-based Glycol 108-65-6 
Ether Acetate Blend 88917-22-0 

EB Ethylene Glyco! C,H 0C,H,OH Ethanol, 2-butoxy- 111-76-2 
n-Butyl Ether 

DB Diethylene Glycol C,H,0(C,H,0)2H Ethanol, 2-(2-butoxy- 112-34-5 

|. R-Butyl Ether | ethoxy)- 


TBH Triethylene Glycol CIHSO(C2H,0),H Ethanol, 2-[2-(2-butoxy- 143-22-6 
n-Butyl Ether and (n = 3,4,5) ethoxy) ethoxy]- 






Higher Homologs 


DM Diethylene Glyco! CH30(C2H,0)2H Ethanol, 2-(2-methoxy- 111-77-3 
Methyl Ether ethoxy)- 


TMH Triethylene Glycol CH30(C;H,0),H Ethanol, 2-[2-(2-methoxy- 112-35-6 


Methyl Ether and | ethoxy) ethoxy]- 


Higher Homologs (n=3,4,5) 





EPh Ethylene Glycol CgHsOCoH,OH Ethanol, 2-phenoxy- 122-99-6 
Phenyl Ether 

DALPAD A Aromatic-Based CeH50C5H,0H Ethanol, 2-phenoxy- 122-99-6 
Glycol Ether 


! Chemical Abstract Index (American Chemical Society). 
? Chemical Abstract Service (American Chamical Soclety). 
3 CAS No. lor major component. Refer to MSDS for detailed CAS No. listing. 


(continued) 
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Table 11.4: (continued) 


Specification Limits and Analytical Methods for DOWANOL Products 






Distillation Range, Specific % Acidity, 
Dow Method tor °C at 760 mm Hg Gravity, АРНА, (Water, Wi.%,| (as Acetic Acid), 

Gas Chromatography} Assay, Wt.% | Glycol Ether, ІВР-ОР 25/25°C max. max. max. 
DOWANOL (GC) (GC) | (ASTM D-1078) (ASTM D-891) | {ASTM 0-1209)| (ASTM 0-1364)) (ASTM D-1613) 
Di-Adduct | Tri-Adduct | ^ Tetra-Adduct Penta-Adduct | Hexa-Adduct | Total Glycol | Water, Wt.%, 

(for GC) Wt.%, max. | Wt.%, min. Wt. %, max. Wt.%, max. Wt.%, max. | Wt.%, max. max. 


















Phenol, 
Wt.%, max. 
(Note 2) 


0.1 






Retated Specific 
Dow Method Assay, Wt. %,| Compounds, Gravity, Color, APHA, 
(for GC) min. Wt.%, max. 25/25?C max. 


t Typical Property 
Note 1: DOWANDL PM assay includes 1-methoxy-2-propano!, 97%, minimum, and 2-methoxy-1-propanol, 3%, maximum. 
Note 2: Dow Method 22399C is used to determine phenot using 4-aminoantipyrine reagent in DOWANOL EPh. 

Dow Method 22484 is used to determine phenol in DOWANOL PPh. 









DALPAD A 





(continued) 


Table 11.4: (continued) Physical Properties of DOWANOL Glycoi Ethers and Acetates 




























































































































SOLVENT CONSTANTS 
bay - Hansen кы т ТЕ 
Bolting oralion 
Molec Rate Specific Water 
ular (nBuAc Gravity In 
DOWANOL CHEMICAL NAME STRUCTURAL FORMULA Wt. = 1.00) Salvent 
PM Propylene Glycol Melhyi Ether CHjOCH,CHOHCH, 13.6 213 ши со 
DPM  Dipropylene Glycol Meth Methyl Ether ET оо H 1482 | 1840 | 1672 | EN | 126 | 208 е со 
РМ | Iripropylene Glycol Methyitther | скоснененон | г63 232 | во | 58 | 68 | 14 | 14 | г | г 
РЕ “Propylene Glycol Methy! Ether Acetate ~ CHOCH,CHICH,JOOCCH, 132.2 1142 | | воз | | | 61 | 66 | 184 | 198 | 32 | 
| am | олуаестамануснила | ондсиривувужс, | заг | ава | м | аи | oom | ox | за rss] aa | вв | № | 35. 
Е "ЕИ сносн,снснуон 132.2 138 737 35 112 | 201 | 6 | 16.0 
е а 1903 Гас n2 | oot 755 154 | 56 | oo | 187 | 50 125 
та || | по зе im | ra [aoe] ao | ve | so] oo [me | ao | oo 
PPh ми | 4ш в | 232 | «001 | 381 | 187 | 57 | из | 226 70 
рр Propylene Glyco! n-Propyl Ether p дон 1192 7.38 259 155 62 | 124 | 208 | « | со 
рар. кии 7 Propys Ether  CH,OICHCHICH LH 1902 7.70 MUS 012 | 276 205 
EB C,H,OC,H,OH 1504 "е ја 749 16.0 14 | 206 е со 
- С Три „сноснослон | ода | 082 | 79 | 52 | ао. 300 | 160 | 70 | 106 | 204 Ra со 
= ‘TBH пиву Glycol Butyl Ether/Highers CHOC HO)H (n=3,4,5} | 231.2A ПЕЧЕ | а | ове | вз | 92 «0.01 31.4 ЕЯ -  · |- | = | а 
Е ом В Diethylene Glycol Meihyl Ether CH,OC,H,OC H,0H 197? ре ре 8.47 | за | 0.25 16.2 12.6 | 20 | = со 
ч “TMH Triethylene Giycol Methy! Ether/Highers CH,O(C,H,O)H (0-3,4,5) 2555 «0.01 39.1 Кеј зе“ | - 
EPh Ethylene Glyco! Pheny! Ether C,H,OC,H,OH 1382 1.104 EN 205 | 0007 | 420 | 178 ЕЗ 12.3 | 23 | 23 | 10.8 
| _ DALPAD Aj Aromatic-Based Giycot Ether ра мини ак 1,104 ЕЕЕ 0.007 ES 17.8 12.3 1 8, 


* Trademark of The Dow Chemical Company 


! Solubility Parameters are useful as a guide in determining the abilily of a solvent Regulatory information on Glycol Ethers as of August, 1993 














or à solvent mixture to dissolve resins. А discussion of solubility parameters and E-Series | Р-Зегів5 

the basis for these values are contained in an article by C.M. Hansen, I and EC CERCLA' spill reporting ГедШгетелі5................................... 1 Ib ..... Not applicable 

Product Res Devet., 8, No. 1, 2-11, March 1969. Another useful reference is à SARA’ Title ltl release reporting required ... нано ИВА сродно Ко 

book by A.F.M. Barton entitted Handbook of Solubility Parameters and Other VOC? per Title !, Clean Air Act Amendments oi 1990 ... CBS оен Yes 

Properties. CRC Press, Boca Raton, Florida, 1991. НАР“ compound per Title ill, Clean Air Act Amendments of 1990. Yes ............. No 
Setaflash C 

1 | а omprehensive Environmental Response, Compensation, and Liabitity Ad o 1980 

і ср S таг Supertund Amendment and Reauthorization Act 

5 Pensky-Martens Closed Cup (PMCC) Volatile Organic Compound, per Federal Register, Vol. 57, No. 22, 1/3/82 


* Surace tension delermined at 20°C Hazardous Air Pollutant 


cos 


YOOGPUDTT Stuaajoy ръпепрър 
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Table 11.5: Eastman Chemicals Glycol Ethers (47) 


ae ee банана А НА 

















Evaporation  Lb/ Color Specific Acidity, as Bolling Freezing Flash Point Assay 
Rate Gal @ Pt-Co Gravity @ Acetic Acid Range Point тсс Min Wt 
n-BuOAce1 20°C Мах — 20°/20°С MaxWt% °C “С °C (°F) % 

EE Solvent 0.30 7.75 10 0.931 0.005 134-136 -94 43 (110) 99.9 

(Ethylene Glycol Monoethy! Ether) 

С, НОС, Н4ОН 

EKTASOLVE® EP Solvent 0.20 7.59 10 0.913 0.01 149-154 <-90 49 (120) 99.6 

(Ethylene Glycof Monopropyl Ether) 

C3H7OC2H,OH 

EKTASOLVE EB Solvent 0.06 7.51 10 0.902 0.01 169-173 -75 62 (143) 99.6 

(Ethylene Glycol Monobuty! Ether) 

C4H$0C2H40H 

EKTASOLVE DM Solvent 0.02 8.51 10 1.023 0.01 191-198 -85 88 (191) — 

(Diethylene Glycol Monomethyl Ether) 

CH3(OC2H4);0H 

EKTASOLVE OE Solvent 0.02 8.25 10 0.990 0.01 198-204 -90 91 (195) 99.3 

(Diethylene Glycol Monoethy! Ether) 

C2Hs(OC2H4)20H 

EKTASOLVE DE-HG Solvent? | «0.01 8.56 10 1.027 0.01 190-205 -70 96 (205) — 


(Diethylene Glycol Monoethy! Ether/Ethylene Glycol) 
[C2 Hs(OC2H4);0OH][HOCH2CH2;OH] 








EKTASOLVE DP Solvent 0.01 8.04 10 0.963 0.01 202-216  «-90 93 (200) 99.4 
(Diethylene Glycol Monopropy! Ether) 

C3H;(OC2H4);0H 

EKTASOLVE DB Solvent 0.003 7.94 10 0.955 0.01 230-235 -76 111 (232) 99.6 
(Diethylene Glycol Monobutyl Ether) сос 
C4Hs(OC2H4);0H 

EKTASOLVE EEH Solvent 0.003 7.42 50 0.892 0.01 224-275 <-60 98 (208) — 


(Ethylene/Diethylene Glycol 2-Ethylhexy! Ether) 
C4HsgCH(C2Hs)CH20C;2H40H 





*For sale outside USA only 
"High gravity solvent 


NOMENCLATURE OF GLYCOL ETHERS AND GLYCOL ETHER ESTERS 
GLYCOL ETHERS 
























Eastman EP 
Ргору Сейозойев 


Eastman EB 

Buty! Cetlosolve 

Dowano! EB 

Buty! Oxitol 
EB 










mylene Glycol 
Btkyl Ether Aceteto 









Eatiman EB acetate Eastman OB acetate Eastman ?M acetate 
Buty!'Cellosolve acetate Butyt Carbito! acetate Мету Propaso! acetate 

— Агсозоће РМ acetate 

- Dowanoi PM acetate 


EB acelate PM acetate 
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Table 11.6: Grant Chemical Glycol Diethers (GLYMES) (27) 


POLYGLYME 
CHs-O-(CH2CH2-O)n-CHs 
Poly(ethylene glycol) dimethyl ether 


(24991-55-7) ВР 


275°C 


B.P 


BUTYL DIGLYME - ——— — 
CHsCH2CH2CHe-O-(CH2CH2-O)2-CH2CH2CH2CHs 


Diethylene glycol dibuty! ether 
Bis(2-butoxyethyl) ether 
Dibutoxydiethylene glycol 
Dibuty! Carbitol* 
5,8,11-trioxapentadecane 
{112-73-2] 


B.P. 
ETHYL DIGLYME” nen 
CH3CH2-O-(CH2CH2-0O)2-CH2CH3 
Diethylene glycol diethy! ether 
Bis(2-ethoxyethyl) ether 
Diethoxydiethylene glycol 
Diethyl Carbitol" 

Ethane, 1,1'-oxybis[2-ethoxy- 
3,6,9-trioxaundecane 
[112-36-7] 


B.P 


ETHYL GLYME 
CH3CH2-O-CH2CH2?-O-CH2CH3 
Ethylene glycol diethyl ether 
1,2-Diethoxyethane 
Diethoxyethylene glyco! 

Diethyl Cellosolve* 

Ethane; 1,2-diethoxy 
3,6-dioxaoctane 

(629-14-1) 





4 852с 








ВР. 
216°C 


162°C 


TETRAGLYME 
CHs-O-(CH2CH2-O)4-CH3 
Tetraethylene glycol dimethyl ether 
Bis[2-(2-methoxyethoxy) ethyl] ether 
Dimethoxytetraethylene glycol 
2,5,8,11,14-pentaoxapentadecane 
(143-24-8) 


TRIGLYME 
СНз-О-(СНгСН2-О)з-СНз 
Triethylene glycol dimethyl ether 
1,2-Bis(2-methoxyethoxy) ethane 
Dimethoxytriethylene glycol 
2,5,8, 1 1-tetraoxadodecane 
(112-49-2) 


DIGLYME 
СНз-О-(СН2СН2-О)г-СНз 
Diethylene glycol dimethy! ether 
Bis(2-methoxyethyl) ether 
Dimethoxydiethylene glycol 
Dimethy! Carbitol* 

Ethane, 1,1'-oxybis[2-methoxy- 
2,5,8-trioxanonane 

[111-96-6] 


MONOGLYME 
СНз-О-СНгСН»-О-СНз 
Ethylene glyco! dimethyl ether 
1,2-Dimethoxyethane 


. Dimethoxyethylene glycol 


DME 

Ethane, !,2-dimethoxy- 
2,5-Dioxahexane 
[110-71-4] 


(continued) 


: (continued) 


Table 11.6 


Physical and Thermodynamic Properties 


SOLUBILITY 
а! 25°C 








MONOGLYME 
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* Mixture of high molecular weight glymes. 


САН 102 
СаН 03 
СаНі804 

s 


DIGLYME 


ETHYL DIGLYME 


ETHYL GLYME 
TRIGLYME 
BUTYL DIGLYME 
TETRAGLYME 
POLYGLYME* 





Specifications 
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ROXIDE 


PE 
CONTENT 
ppm 










WATER 
ppm 
175 






ACIDITY 
(as acetic acid) 
ppm 
[oe [ww [me |= | oe 





PURITY 
(by G.C.), 
wt X 





97.0 
99.90 
98.0 
98.0 
98.0 













ETHYL GLYME 
ETHYL DIGLYME 
BUTYL DIGLYME 





TRIGLYME 





DIGLYME 


MONOGLYME 
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Table 11.7: Occidental Ethylene Glycol Ethers and Glycol Ether Acetates (27) 


Products, Grades and Specifications: Glycol Ethers and Acetates 


SPECIFICATION" си ло вні то 


Purily, weight % min 


Color, APHA max 


Acidity (as acetic acid), 
wi% max 


Specific gravity, 20/20°C : 0.963 - 
0.967 


Distillation range, IBP, min 3. 123.5 
DP, °C max 125.5 


Water, weight % max : 0.15 
Acid no., mgKOH/gm, max 0.09 


Ethylene glycol, wt % max 0.025 


pH, 25% solution at 25°C 5.0 - 7.0 


Refractive index at 20°C 1.4015-1.4025 
Antioxidant (BHT). ppm 50 - 150 


Flash point (PMCC), °C 


esmemor — | oe | m | on | ва | ena | om 


Purity, weight % min 
Color, APHA max 


Acidity (as acetic acid), 
wt% max 


Specific gravity, 20/20°C 


Products, Grades and Specifications: Heavy Glycol Ethers 


SPECIFICATION Се [o [m 


Triethylene Glycol Monomethyl Ether and higher 
molecular wt. Monomethyl Ethers, wt 96 min 


Diethylene Glycol Monomethyl Ether, wt 96 max 


Triethylene Glycol Monoethyl Ether and higher 
molecular wt. Monoethyl Ethers, wt 96 min 


Diethylene Glycol Monoethyl Ether, wt 96 max 


Triethylene Glycol Monobuthy] Ether and higher 
molecular wt. Monobuthyl Ethers, wt % min 


Diethylene Glycol Monobuthy! Ether, wt % max 
Water, weight % max 

pH, alcoholic (50/50) 

Color, APHA max 


Specific gravity at 20/20°C (typical) 


- Minimum Boiling Point °C 








(continued) 
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Table 11.7: (continued) 


Occidental Glycol Ethers and Glycol Ether Acetates 






TYPICAL PROPERTIES 


Molecular weight 













Auto-ignition temp.. "С 
Boiling point, °C 
Freezing point, °C 

Flash point (TCC), °F 


Surface tension @ 25°C, 
dynes /cm? 


Refractive index at 20°C 








0.2 





0.2 





6.2 





Vapor pressure at 20°C, 6.2 


mm Hg 


Viscosity at 20°C, cP 








2.1 
0.00097 
7.75 





7.5 
0.00088 
8.74 


3.87 
0.00088 
8.51 


3.87 
0.00088 
8.51 





2.05 
0.00095 
8.04 


2.05 
0.00095 
8.04 








О езі 








Coeff. of expansion at 20°C 
Weight/gal. in lbs. at 20°C 












Molecular weight 
Auto-ignition temp., °C 
Boiling point, °C 
Freezing point, °C 


Flash point (TCC), °F 


Surface tension @ 25°C, 
dynes /cm? 


Refractive index at 20°C 


Vapor pressure at 20°C, 4 : 2.0 0.25 
mm Hg 


Viscosity at 20°C, cP : 6.4 і 1.3 1.8 
Coeff. of expansion at 20°C ; 0.00092 У 0.00109 0.00100 


Weight/gal. in lbs. at 20°C i 7.52 . 8.11 7.85 





(continued 


Table 11.7: (continued) 


Specific Gravity vs Temperature of the Glycol Ethers 


1.060 


: : тра meus Lom 
Xenon oz аа зь. една е раена зао ЕО ОЕ 
5 + 1 1 ' 
1.040 -+= тнт 
а : m tool TI т : 
г а 225 ` га i 
реси mm Кели ме се. свој Ве г „ол 1 k 


1.020 410 


0.980 
0.960 


0.9404 


Specific Gravity, t/20°C 


0.920 xt 
0.900 


0.880 


0.840 


-20 -10 0 


10 


20 


30 40 50 


Temperature, °C 





Density vs Composition of Aqueous Glycol Ether Solutions 


Density @ 25°C, Grams/Liter 


1.050 


1.040 


IN 


1.010 


1.000 


| 


| 


0.990 
0.980 


0.970 


0.940 —- 


0.900 


0 20 40 


Composition, Weight % Glycol Ether 


ALE 


60 





(continued) 
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Tabie 11.7: (continued) 


Freezing Point vs Composition of Aqueous Glycol Ether Solutions 


Composition, Weight % Glycol Ether 





-70 -60 -50 -40 -30 -20 -10 0 10 
Temperature, °C 


Viscosity vs Composition of Aqueous Glycol Ether Solutions 


Viscosity @ 25°C, Centipoise 





0 10 20 30 40 50 60 70 80 90 100 
Composition, Weight % Glycol Ether 


(continued) 


549904 10240 


60< 


Table 11.7: (continued) 


Viscosity vs Temperature of the Glycol Ethers 


10.00 
9.00- 
8.00- 
7.00 
боо-|—- 


5.00 


Viscosity, Centipoise 


4.00 


1.00 


-20 30 80 130 180 
Temperature, °C 





Vapor Pressure, mm Hg . 





Vapor Pressure vs Temperature of the Glycol Ethers 





100 300 
Temperature, °C 


(continued) 
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Table 11.7: (continued) 


Surface Tension vs Composition of Aqueous Glycol Ether Solutions 


Surface Tension @ 25°C, Dynes/Cemtimeter 
5 
e 


m 
> 
e 





40 50 60 


Composition, Weight % Glycol Ether 


Liquid/Vapor Equilibrium @ 760 mm of Aqueous Glycol Ether Solutions 


Weight % Water in Vapor Phase 





0 10 20 30 40 50 60 70 во 90 100 
Weight % Water in Liquid Phase 


54241 10049 


115 
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Table 11.8: Olin Chemicals Poly-Solv Propylene Glycol Ethers (66) 


Olin produces five ethylene glycol ethers: Poly-Solv DE, diethylene glycol monoethyl ether 











Poly-Solv® EM, ethylene glycol monomethyl ether (CH,CH,OCH,CH,OCH,CH,OH) 
(СН;ОСН,СН,ОН) Poly-Solv TM, triethylene glycol monomethyl ether 
Poly-Solv DM, diethylene glycol monomethyl ether . CH4(OCH;CH,), OH 
(CH,O0CH,CH,OCH,CH,OH) Poly-Solv TE, triethylene glycol monoethyl ether 
CH,CH,(OCH,CH,),0H 
Typical Physical Properties 
ЕМ · DM DE TM TE 
Boiling Point (°C) 
@ 760 mm Hg 124 194 202 249 256 
@ 50 mm Hg 55 115 121 152 158 
@ 10 mm Hg 27 82 87 126 130 
Coefficient of Expansion 
@ 20°C 0.00095 — — — --- 
@ 55°C 0.00099 0.00088 0.00084 — — 
Density @ 25°C (lb/gal) 8.05 8.51 8.24 871 8.50 
Flash Point, TCC (°C) 41 87 85 — — 
(°F) 106 188 185 -- -- 
Flash Point, COC (°C) — — -- 118 124 
(°F) E = БРЕ 245 255 
Freezing Point (°C) -85 -85 -76 -55 -21 
(°F) -121 -121 -105 67 -5.8 
Heat of Vaporization @ 760 mm Hg 
(joules/g) 555.9 379.1 402.4 327.6 299.8 
Molecular Weight 76.09 120.15 134.17 164.20 178.23 
Refractive Index @ 20°C 1.4021 1.4263 1.4273 1.4381 1.4376 
Solubility @ 20°C 
Poly-Solv in water Complete Complete Complete Complete Complete 
water in Poly-Solv Complete Complete Complete Complete Complete 
Specific Gravity, apparent @ 20/20°C 0.966 1.021 0.989 1.048 1.022 
Specific Heat @ 20°C (joules/g-°C) 2.233 2.149 2.308 — — 
Vapor Pressure @ 20°C (mm Hg) 6.2 0.2 0.1 <0.01 <0.01 
Viscosity, absolute @ 20°C (cp) 1.7 3.9 4.5 7.5 7.8 
Specifications 
EM DM DE DE ™ TE 
(regular) (low 
gravity) 
Water, max 
(% by weight) 0.01 0.1 0.2 0.1 0.1 0.1 
Acidity, as acetic acid 
(% by weight) 0.01 0.01 0.01 0.01 0.01 0.01 
Specific Gravity @ 20/20°C 0.964- 1.019- 1.024- 0.989- 1.037- 1.020 
0.967 1.025 1.030 0.993 1.055 1.035 
Color, max (APHA) 10 15 10 10 50 50 
Odor M M M M С С 
Suspended Matter F F F F F F 
Boiling Range (°C) 
Initial boiling point, min 123.5 191 190 198 220 225 
‚5%, пип — — — — 230 235 
95%, max — — 200 — — — 
Dry point, max 125.5 198 205 205 = == 
М = Мі N= Substantially none C=Charactenstic F = Substantially Free 


(continued) 


Table 11.8: (continued) 


Olin offers three propylene glyco! monomethyl ethers: 
Poly-Soly®* MPM, propylene glycol monomethyl ether 
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Paly-Solv DPM, dipropylene glycol monomethyl ether 
CH, (OC,H,),OH 
Poly-Soly TPM, tripropylene glycol monomethyl ether 











CH, (OC,H,)OH 
з (9—39 CH, (OC;H,);0H 
Specifications Typical Physical Properties 
MPM DPM TPM MPM DPM TPM 
Acidity, as acetic acid, _ Boiling Point 
max (% by weiglit) 0.01 0.0! 0.01 @ 760 mm Hg (°C) 120 187 242 
Water, max Flash Point® (°C) 32 78 107 
(% by weight) 0.1 0.1 — (°F) 89 172 225 
Specific Gravity Molecular Weight 90.1 148.2 206.3 
@ 20/20°C 0.922- 0.953- 0.964-- Pour Point (°C) -97 -83 -78 
0.925 0.957 0.9762 Refractive Index, np 
Color, max (APHA) 10 15 15 @ 25°C 1.40363 1.419 1.428 
Suspended Matter Sb S S Solubility in Water Complete Complete Complete 
Boiling Range Specific Gravity 
@ 760 mm Hg (°C) @ 20/20 0.923 0.954 0.969 
Initial Boiling Point, min 119 180 236 Vapor Pressure 
Dry Point, max 125 196 251 @ 20°C (mm Hg) 12.5 0.4 0.02 
52) 25/259С b- Substantially free Viscosity @ 20°C (cs) 1.9 3.9 6.1 
CPensky Martin Closed ask Tet 620 o 
Tabie 11.9: Union Carbide Glycol Ethers (19) 
Alcohol 
Ethylene 
Oxide, moles Methanol Ethanol Ргорапо! Butanol Нехапо! 
1 Methyl CELLOSOLVE — CELLOSOLVE Propyl CELLOSOLVE = Buty! CELLOSOLVE — Hexyl CELLOSOLVE 
Solvent Solvent Solvent Solvent Solvent 
(Ethylene Glycol (Ethylene Glycol (Ethylene Glycol (Ethylene Glycol (Ethylene Glycol 
Monomethyl Ether) Monoethyl Ether) — Monopropyl Ether) Monobutyl Ether) — Monohexyl Ether) 
CAS* 109-86-4 CAS 110-80-5 CAS 2807-30-9 CAS 111-76-2 CAS 112-25-4 
2 Methyl CARBITOL CARBITOL Butyl CARBITOL Hexyl CARBITOL 
Solvent Solvent Solvent Solvent 
(Diethylene Glycol (Diethylene Glyco! (Diethylene Glycol — (Diethylene Glycol 
Monomethyl Ether) Monoethyl Ether) Monobutyl Ether) — Monohexyl Ether) 
CAS 111-77-3 CAS 111-90-0 CAS 112-34-5 CAS 112-59-4 
3 Methoxytriglycol Ethoxytriglycol Butoxytriglycol. 
(Triethylene Glycol (Triethylene Glycol (Triethylene Glycol! 


Monomethy! Ether) Мопоеі?уі Ether) 


CAS 112-35-6 CAS 112-50-5 


*Chemical Abstract Service (CAS) Number 


Monobutyi Ether) 


CAS 143-22-6 
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METHYLAL 


Dimethoxymethane CH,OC HOCH, 
Methylene Dimethyl Ether 

Methylal is a low-boiling solvent, stable in the presence of alkalis and mild acids, and to high temperatures and pressures. 
It differs from other ethers in that it forms only minute amounts of peroxides. It will dissolve such synthetic resins as nitro- 
cellulose, cellulose acetate and propionate, ethyl cellulose, vinyl, "Epons" and polystyrene, and also many of the natural 
gums and waxes. Methylal as a latent solvent is activated by the addition of esters, ketones or olcohols. Its evaporation 
rate, twice that of acetone, places this ether in a class with such solvents as acetone, methyl acetate and ethy! acetate 


in resin formulations. 


Table 11.10: Physical Properties of Methylal (2) 


Acidity (as acetic acid), % by wt. (max.) 0.1 
Aldehydes, % by wt. (max.) 0.1 
Арреагапсе water-white 
Boiling point at 760 mm. Hg, ?C. 42.3 
Boiling range, ?C. 42.0 to 43.5 
Flash point (Cleveland open cup), °F. 0 

Freezing range, °C. -104.8 
Heat of combustion (Btu/Ib.) at 20°C. 10.97 
Refractive index (np at 25°C.) 1.35335 
Melting point, °C. -104.8 
Methylal content, % (min.) 97 
Molecular weight 76.) 
Specific gravity, 20/20°C. 0.8601 
Surface tension at 25°, dynes/cm. 21.1 

Vapor pressure at 20°C., mm. Hg 330 
Viscosity at 20°C., centipoises 0.325 


ETHYLENE GLYCOLS 
Table 11.11: Ethylene Glycol Monomethyl Ether (2) 


METHYL CELLOSOLVE Solvent 

POLY-SOLV EM НО--СН,СН,--О--СН 
ARCOSOLV EM Ж: 

Glycol Ether EM 


3 


Ethylene glycol monomethyl ether is a colorless, limpid liquid of mild odor. It is 
miscible with water and with aliphatic and aromatic hydrocarbons. It is a solvent 

for essential oils, lignin, dammar, elemi, ester gum, kauri, mastic, rosin, sandarac, 
shellac, Zanzibar, nitrocellulose, cellulose acetate, alcohol-soluble dyes and many 
synthetic resins. Its solvency for cellulose esters is augmented when a ketone or a 
halogenated hydrocarbon is added. The uses for methyl "Cellosolve" are as a sol- 
vent in quick-drying varnishes and enamels, in conjunction with aliphatic, aromatic 
and halogenated hydrocarbons, alcohols and ketones; in solvent mixtures and thinners 
for lacquers and dopes; in the manufacture of synthetic resin plasticizers and as a 
penetrating and leveling agent in dyeing processes, especially in the dyeing of leather, 
animal and vegetable fibers. Other uses are as a fixative in perfumes and as a solvent 
in odorless nail=polish lacquers. "Dowanol EM" should not be added to nitrocellulose 
lacquers containing coumarone resins or ester gum because it will cause incompatibility 


between these substances. 
(continued) 


Table 11.11: (continued) 


Acidity (as acetic acid) % by wt. (max.) 
Boiling point at 760 mm. Hg, °C. 
Color (APHA, max.) 
Coefficient of expansion at: 

20°C. 

55°C. 
Flash point (Cleveland open cup), °F. 
Freezing range, °C. 
Heat of vaporization (Btu/Ib.) 
Refractive index (np at 25°C.) 
Molecular weight 
Specific gravity, 20/20°C. 
Specific heat (average) cal. /°C. 
Surface tension at 25°C., dynes/cm. 
Solubility: 

in water at 20°C, 

water in at 20°C. 
Vapor pressure at 20°C., mm. Hg 
Viscosity: 

at 25°F ., centipoises 

at 60°F ., centipoises 
Weight per gal. at 20°C., lb. 


Table 11.12: Ethylene Glycol Monoethy! Ether (2) 


CELLOSOLVE Solvent 
ARCOSOLV EE 
Glycol Ether EE 


Glycol Ethers 


0.01 
124.2 
15 


0.00095 
0.00099 
115 
-85.1 
239 
1.4021 
76.09 
0.9663 
0.534 
30.8 


complete 
complete 


9.7 


о о – 
Un 
ева 


HOCH, CH,OC 5H. 


This colorless liquid has a mild and agreeable odor and combines a low evaporation 
rate with a strong solvent action. It is miscible in all proportions with acetone, 
benzene, carbon tetrachloride, ethyl! ether, methanol and water. it has a powerful 
solvent action on nitrocellulose and alkyd resins and an extremely high dilution ra- 
tio with coal-tar hydrocarbons. This solvent will tolerate 4.9 times its own volume 
of toluene before the mixture will cease to dissolve nitracellulose, while butyl ace- 
tate will tolerate only 2.9 times its volume. 


Acidity (as acetic acid), % by wt. (max.) 0.01 
Appearance water-white 
Boiling point at 760 mm. Hg, ?C. 134.7 

Fire point (open cup), “Е. 115 

Flash point (Cleveland open cut), °F. 115 
Freezing range, °C. -59 
Refractive index (np at 20°C.) 1.4076 
Molecular weight 90.1 


Table 11.13: Ethylene Glycol Dimethyl Ether (27) 


MONOGLYME 


Molecular Weight 

Boiling Point, °C, 760 mm Hg 
Freezing Point, °C 

Specific Gravity, 20°/20°C 
Weight per Gallon, Ib 20°C 
Vapor Pressure, mm Hg/20°C 
Volatility, n-Butylacetate = 100 
Viscosity, cp 20°C 


90.12 
85.2 
-69.0 
0.8683 
7.24 
54 

499 
1.1 


Specific gravity, 25/25°C. 
Specific heat (average) cal./°C. 


Surface tension at 25?C., dynes/cm. 
Vapor pressure at 25°C., mm. Hg 


Viscosity: 

at 25°C., centipoises 

at 60°C., centipoises 
Weight per gol. at 20°C., lb. 


СНО; 


515 


Surface Tension, dynes/cm 20°C 22.9 


Specific Heat, cal/g/°C 
Auto Ignition, °C 
Vaporization Heat, Kcal/mol 
Combustion Heat, Kcal/mol 
Formation Heat, Kcal/mol 
Flash Point, °C, closed cup 
Refractive Index, at 20°C 


0.9311 
0.53 
28.2 
5.3 
1.84 
0.94 
7.72 

0.438 

205 

6.7 

602 

118 

-6 

1.3792 
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Table 11.14: Ethylene Glycol Diethyl Ether (2) 


ETHYL GLYME 


C,H OCH,C H OC,H 




















5 5 
Boiling point at 760 mm. Hg, °C. 121.4 Specific gravity, 20/20°C. 0.8417 
Flash point (Cleveland open cup), °F. 80 Vapor pressure at 20°C., mm. Hg 9.4 
Freezing range, °C. -74 Viscosity at 20°C., centipoises 0.65 
Refractive index (np at 25°C.) 1.3922 Weight per gal. at 20°C., lb. 7.01 
Molecular weight 118.2 
Table 11.15:Ethylene Glycol Monopropy! Ether (79) 
Propyl CELLOSOLVE Solvent Glycol Ether EP 
ARCOSOLV EP EKTASOLVE EP 
Formula Vapor 
Molecular Boiling Freezing Flash Pressure, 
Solvent Weight Point, °C Point, °C Point, Різ mm Hg 
 Propyl CELLOSOLVE Solvent 104.15 151.1 -90c 135 1.71 
Solubility at Surtace Tension 
Coefficient 20°C, % by wt Relative at 25°C, dynes/cem 

Specific Pounds of Evaporation 

Gravity, Per Expansion In Water Rate Neat 25% Aq. 

20/20°C Gallon at 20?C Water In (nBuAc z 100) Product Solution 

0.913 7.60 0.00095 Complete Complete 21 26.3 32.3 
(a) Tag Closed Cup 
(b) All solutions are percent by volume 
(c) Sets to glass below this temperature 

Table 11.16: Ethylene Glycol Monobutyl Ether (2) 

Butyl CELLOSOLVE 

DOWANOL EB 

EKTASOLVE E HOCH,CH,OC , Ho 

ARCISIKV EB 2 


Glycol Ether EB 


Ethylene glycol monobutyl ether is colorless liquid, miscible in all proportions with many ketones, ethers, alcohols, aromatic 
paraffin and halogenated hydrocarbons. More specifically, it mixes in all proportions with acetone, benzene, carbon 
tetrachloride, ethyl ether, n-heptane and water. Because of its excellent solvency, low evaporation rate and high dilu- 
tion ratios, it is used as a solvent in the manufacture and formulation of lacquers, enamels, inks and varnishes, employing 
such resins as alkyd, phenolic, nitrocellulose, maleic modified, styrene and epoxy. In Jacquers биту! "Cellosolve" im- 
parts a slow evaporation rate, strengthens blush resistance, heightens gloss, improves flow-out and helps prevent orange 
peel. Hot spray lacquers usually contain about 10% of "Dowanol" EB based on the solvent-diluent weight. 


Acidity (as acetic acid), 96 by wt. (max.) 0.01 Molecular weight 118.2 
Appearance water-white Specific grovity, 25/25°C. 0.899 
Boiling point at 760 mm. Hg, °C. 170.6 Specific heat (average), cal./°C. 0.54 
Fire point (open cup), °F. 165 Surface tension at 25°C., dynes/cm. 27.4 
Flash point (Cleveland open cup), °F. 165 Vapor pressure at 75°C., mm. Hg 0.88 
Freezing range, °C. -40 Viscosity at 25°C., centistokes 2.83 
Heat of vaporization, Btu/Ib. 88.4 Weight per gal. at 20°C., Ib. 7.48 
Refractive index (np at 25°C.) 1.417 


Glycol Ethers 517 


Table 11.17: Water Solubility of Ethylene Glycol n-Buty! Ether (23) 


INSOLUBLE AREA 


TEMPERATURE, °F. 





о BY WEIGHT зай 


Table 11.18: Ethylene Glycol Monoisobutyl Ether (47) 


сну—©н—Сн;—О—Сн;—Сн;Он 
CH3 


Ethylene glycol monoisobutyl ether is a high boiling ether solvent for alkyd phenolic, malic, epoxy, 
alcohol-soluble butyrate, and ethyl cellulose nitrate resins. 


Specifications 


Color (Pt-Co Scale), ppm, max 10 Water, wt %, max 0.20 

Specific Gravity, 20°/20°C 0.891-0.894 Appearance Free from insoluble 

Boiling Range, 760 mm, °C matter or haze 
Initial boiling point, min 158.0 Odor Mild, characteristic, 
Dry point, max 162.0 nonresidual 

Acidity, as acetic acid, wt %, max 0.01 


(continued) 
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Table 11.18: (continued) 


Typical Properties 


Molecular Weight (СН О») 118.17 
Evaporation Rate (n-butyl acetate + |) 0.1 
Weight/Vol, 20°C, 
lb/gal. (U. S.) 7.40 
kg/liter 0.89 
lb/gal. (Imperial) 8.88 
Solubility, 20°C, wt % 
In water Complete 
Water in Complete 
Dilution Ratio, toluene 5. 
VM & P naphtha 1.6 
Refractive Index, 20°C 1.4168 
Vapor Pressure, 163°C, mm Hg 752 
Flash Point, Tag Closed Cup, ^F (^C) 136 (58) 
Tag Open Cup, °F (СС) 145 (63) 
Fire Point, °F (°C) 146 (63) 
Flammable Limits in Air, % by volume 
Lower 1.21 
Upper 9.4 
Autoignition Temperature (ASTM D-2155), 
°F (°C) 540 (282) 
NFPA Classification 30: Flammable Liquid. Class l 
ICC Labels Required None 


Bureau of Explosives Classification Nonhazardous Liquid 


Tabie 11.19: Ethylene Glycol Dibutyl Ether (2) 


С НоОСН, СВ, ЗС {Ho 


This glycol diether is a colorless liquid. It is completely miscible with acetone, ethyl alcohol, ethyl acetate, isopropyl 
ether, heptane, ethylene dichloride and сочог о. Becouse of its being a good solvent for metallic reagents, it is por- 
ticularly suitable for the Grignard type of reaction. It is also a solvent for inorganic halides and chlorosilanes, and is 
therefore used in silicone rubber formulations and in the extraction of aliphatic acids from dilute aqueous solutions. 


Acidity (as acetic acid), 96 by wt. 0.01 
Boiling point, °C. 
760 mm. 203.6 
50 тт. 117 
10 mm. 83 
ABP/AP, *C./mm. Hg 0.056 
Coefficient of expansion at 55?C. 0.00105 
Distillation at 760 mm., ?C. 
Initial BP, min. 195 
DP, max. 208 
Flash point (open cut), °F. 185 


Freezing point, °C. -69.] 


Table 11.19: (continued) 


Heat of vaporization (Btu/Ilb. at | atm.) 
Molecular weight 
Refractive index (np at 20°C.) 
Solubility, % by wt. at 20°C. 
in water 
water in 
Specific gravity, 20/20°С. 
^ SG/A T. 
Specific heat at 20°C. 
Ib./gal. at 60°F. 
Vapor pressure, mm. Hg at 20°C. 


Table 11.20: Ethylene Glycol Monophenyl Ether (23) 


DOWANOL EPh 
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118 
174.28 


ON OOO CS 


.4131 


.8374 
.00085 
.480 


09 


HO—CH,C Н,-О- «2 


Ethylene glycol monophenyl ether is a colorless, high-boiling, nonhygroscopic, water-immiscible liquid with a faint rose- 


like odor. 


Могесшаг Мед“ .......................... ............ 138.2 
Ereezing. PoIDE ЗЕ: сели ји кита нн а авина 51 
Вошпа Рот, 760 тт На. “С ............................ 245 

От Наз C ао Вази особи чо 131.3 
Vapor Pressure @ 20°С, тт Нод ......................... 0.03 
Specific Gravity @ 25/250 ............................. 1.104 
Міѕсоѕіїу, сепііѕіокеѕ, 25°С .............................. 20.5 

ОЕ нес о а на а nto MN 43 

Flash Point. -F (TOC) оо осы ва 260 
Specific Heat, (cal/g/?^C) ( 25“С. ........................ 0.52 
Surface Tension, (dynes/cm) 

OGG. Be age оно ae a Ce qu 42 
Г nc ane ceded ed Л ОЛ УО ТОГО ҮЛ 38 
Heat of Vaporization, (cal/g)@ 760 mmHg ................ 90.2 
Thermal Conductivity, K x 104 (cal/cm? sec °C/cm) @ 60°C . 3.86 
Pounds/ Gallon @ 25°C .................................. 9.20 
РПепогсомелі тах: 96 о оваа а RR eus 0.5 
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Table 11.21: Ethylene Glycol Monobenzyl Ether (2) 


НОСА СВ ОСВ,С На 


Ethylene glycol monobenzy! ether is a water-white liquid which will dissolve a large number of organic substances 
among which are oils, fats, greases, some vinyl resins, dewaxed damar, rosin, ester gum, etc. It is used principally 


as a high boiling solvent in lacquers, inks, and textile dyeing. 


Acidity (as acetic acid), % by wt. (max.) 

Boiling point at 760 mm. Hg, °C. 

Distillation range at 760 mm. Hg, °C. 

Flash point, °F. 

Specific gravity at 20/20°C., 

Solubility in water at 20°C., % by wt. 

Solubility of water in benzyl "Cellosolve' 
209С.,% by wt. 

Vapor pressure at 20°C., mm. Hg 

Weight per gal. at 20°C., Ib. 


Table 11.22: Terpinyl Ethylene Glycol Ether (2) 


ÇH, 


= 


Н,С--С--О--СН,-СН,--ОН 


37 | 202 


сн; 


0.010 

255.9 

248 to 260 

265 

1.0670 to 1.0720 
0.4 


Terpinyl ethylene glycol ether is a light-colored liquid used in enamels, inks, paints, and varnish. 


Aniline point 
Color (Lovibond 500 Amber Series Glasses) 
Distillation range (ASTM) 596 

1096 

3096 

5096 

7096 

9096 

9596 


Flash point (Cleveland open cup) 
Freezing point 

Kauri butane solvency value 
Moisture 

Refractive index at 20°C 
Specific gravity at 15.5/15.5 C 
Viscosity at 25 C (Ubbelohde) 


Below -20 C 
3.0 

248.0C 
252.0C 
295.0C 
263.5 С 
268.0 С 
278.0 С 
284.0 С 


284 Е 
Below ~10°C 
Infinite 
0.05% 
1.4786 
0.9813 

44.6 ср 
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Table 11.23: Ethylene Glycol Butyiphenyl Ethers (2) 


|. - Ethylene Glycol p-sec-Butylphenyl Ether С 21189 
|. - €thylene Glycol p-tert-Butylphenyl Ether C12P 1892 
ne o 
Boiling point, °F. 313 to 322/10 311 to 350/10 
Flash point (Cleveland open cup), °F. 300 315 
Freezing range, °F. . below -4 54 
Fire point, °F. 320 325 
Molecular weight 194.3 194.3 
Specific gravity, 77/77°F . 1.008 1.016 
Solubility (g./100 grams water) 0.1 0.1 
Viscosity at 77°F., centistokes 64.6 120.7 
140?Е. 8.8 11.6 


Table 11.24: Ethylene Glycol Monohexy! Ether (19) 


Hexyl CELLOSOLVE Solvent 
ARCOSOLV EH 








Formula Vapor 
Molecular Boiling Freezing Flash Pressure, 
Solvent Weight Point, °C Point, °C Point, °F) mm Hg 
Hexyl CELLOSOLVE Soivent 146.23 208.1 -50 179 0.051 
Solubility at Surface Tension 
Coefficient 20°C, % by wi Relative at 25°C, dynes/cm 
Specific Pounds of Жеты ыны ы ынна аны нин Evaporation ace a ОС 
Gravity, Per Expansion In Water Rate Neat 25% Aq. 
20/20°C Gallon at20°C Water in | (пВыАс = 100) Ргодис! Solution) 
0.889 7.40 0.00086 0.99 18.8 0.82 30.3 28.50 
(а) Тао Сюзед Сир 


(b) All solutions are percent by volume 
(c) 1% solution 


Table 11.25: Ethylene Glycol! Ethyl Hexy! Ether (73) 


SOLV EEH 
ARCOSOLV EEH 
EKTASOLVE EEH 














ЧУ | Dilution Ratio 
Product Name | Chemical Evaporation Rate Specific Gravity, Ib/gal Distillation Range, Viscosity ! pecial Naphtho i 
Abstract n-BuAcst @220°С @20°С °С cP 6% RS 1:2 sec | (УМАР) TCC;F 
| Service Number N.C. @ 28°C 
: 1 1 
pe ED M ER PEP ннд ДРУ чан ССР LT 
SoIv EEH | Mixture 0.003 0.892 7.42 224-275 Ins. — — 208* 
"Seta Closad-Cup 
Solvent Constants | Solubility @20°C | 
О тт наат анти, 
Solubility Hydrogen Dipole | Weight % Weight % Biush Resistance Electrical Vapor Pressure Coetticient DOT NFPA HWS RO 
Parameter Bonding Momeni In Water in Water | ЗАНОС ғ Resistance тт Но 220: С of Expansion Hazard Ratings Ratings іе.) 
Megohms (Per * C) Class H-F-R H-F-R 


9.2 16.3 1.2 0.2 6.2 — <0.3 0.08 0.0009 N-HL 0-1-0 1"-1-0 -- 


"may be chronic health effects 
(see MSDS) 
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Table 11.26: Diethylene Glycol (2) 


Diglycol HOCH, CHOC н,СН,ОН 


This hygroscopic glycol is a clear colorless, odorless and stable liquid. It is also slightly viscous, noncorrosive and non- 


volatile. Because of its ether and alcohol group, diethylene glycol exhibits chemical properties characteristic of both 
primary alcohols and ethers. Its boiling point is considerably higher than that of ethylene glycol, and its solvent is 
greater. Diethylene glycol is miscible with water, ethers, lower aliphatic alcohols, aldehydes and ketones and is par- 
‘tially soluble in benzene, carbon tetrachloride, monobenzene, orthodichlorobenzene and toluene. It dissolves many dyes, 
resins, oils, nitrocellulose and many organic substances. Because of its solvent power, low volatility and hygroscopicity, 
it is used in textile lubricants, cutting oils, dry cleaning soap, printing inks, steam-set inks, and nongrain wood stains. 
In the textile industry diethylene glycol is used as a conditioning agent for wool, rayon, and cotton. Asa solvent for 
dyes it makes a valuable assistant in dyeing and printing. The high hygroscopicity of diethylene glycol makes it an effi- 
cient softening agent for tobacco, paper, synthetic sponges, glues and casein. Diethylene glycol is especially useful in 
the dehydration of natural gas. A mixture of diethylene glycol and monoethanolamine will remove moisture, hydrogen 
sulfide and carbon dioxide from natural gas. 


Acidity (as acetic acid), % by wt. (max.) 0.02 
Boiling point at 760 mm. Hg, °C. 244.5 
Coefficient of expansion at 20°C. 0.000635/°С. 
Density (true) at 20°C., g./°C. 1.1161 
Distillation range at 760 mm. Hg 

Below 320°C. none 


Below 240°C. 
Below 250°C. 
Below 270°C. 
Electrical conductivity (reciproca! ohms) 
Fire point, °C. 
Flash paint (Cleveland open cup), °C. 
Freezing point, °C. 
Heat of combustion (constant pressure) at 20°C., 


not over 20% 

not less than 85% 
not less than 95% 
0.586 x 1076 

146 (approx.) 
143.3 (approx.) 
-8 


kcal/mol 567 
Heat of formation (constant pressure), kcal/mol 148.42 
Heat of vaporization at 760 mm. Hg and 
244.5°С. 
Btu/Ib. 270 
cal./g. 150 
Ignition temperature in air, ?C. 351 
Spontaneous ignition temperature 412.8 
Molecular weight 106.12 
Refractive index (np at 20°C.) 1.4475 
Specific gravity at 20/20°C. 1.1185 
Specific heat at 20°C., cal./g./°C. 0.5509 
Surface tension at 25°C., dynes/cm. 48 .5 
Vapor pressure, mm. Hg 
20°С. 0.015 
130°С. 8.0 
180°С. 96.0 
Viscosity (absolute), in centipoises 
15°C. 50.0 
20°C. 38.0 
25°С. 30.0 
Water, % by wt. (max.) 0.30 
9.308 


Weight per gal. at 20°C., Ib. 
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Table 11.27: Diethylene Glycol Monomethyl Ether (2) 


DOWANOL DM 

EKTASOLVE DM 

Methyl CARBITOL 

POLY-SOLV DM HOC Н.С H,OCH,CH OCH, 

SOLV DM 

ARCOSOLV DM 

Glycol Ether DM 
Diethylene glycol monomethy! ether is a colorléss, stable hygroscopic liquid with an agreeable odor. It is completely 
miscible with water, ketones, alcohal, ethers, aromatic hydrocarbons and halogenated hydrocarbons. More specifically, 
it is miscible with acetone, benzene, carbon tetrachloride, ethyl ether, methanol and water. It is a solvent for dyes, 
oils, fats, waxes, many natural and synthetic resins, nitrocellulose and cellulose acetate. 1t is used as a high-boiling 
solvent in such formulations as printing inks and pastes, stamp pad inks, textile dye pastes, lacquers, and synthetic resin 
coatings. Its presence in lacquers eases brushability and flow-out, and minimizes lifting of undercoats. 


Acidity (as acetic acid), % by wt. (max.) 0.02 Specific gravity, 25/25°C. 1.018 
Appearance water -white Specific heat (average), cal./°C. 0.54 

Boiling point at 760 mm. Hg, °C. 194.1 Surface tension at 25°C., dynes/cm. 34.8 

Fire point (open cup), °F. 200 Vapor pressure at 75?C,, mm. Hg 0.18 

Flash point (Cleveland open cup), ?Е. 200 Viscosity at 20°C., centistokes 3.87 

Freezing range, °C. -50 25°C. 3.47 

Heat of vaporization, Btu/Ib. 163 60°С. 1.64 
Refractive index (np at 20°C.) 1.424 Weight per gal. at 20°C., lb. 8.47 

Molecular weight 120.2 


Table 11.28: Diethyliene Glycol Monoethy! Ether (2) 


CARBITOL Solvent 

EKTASOLVE DE НОСН, СН ОСН, СВ, ОС, Н. 
POLY-SOLV DE Low Gravity 

SOLV DE 


Diethylene glycol monoethyl ether is a colorless, stable, hygroscopic liquid of a mild, pleasant odor. It is completely 
miscible with water, alcohols, ethers, ketones, aromatic and aliphatic hydrocarbons, and halogenated hydrocarbons. 
Owing to the fact that it contains an ether-alcohol -hydrocarbon group in the molecule, it has the power to dissolve a 
wide variety of substances such as oils, fats, waxes, dyes, camphor and natural resins like copal, kauri, mastic, rosin, 
sandarac, shellac, as well as several types of synthetic resins. It is used as a solvent in synthetic resin coating 
compositions, and in lacquers, where high=boiling solvents are desired. 


Acidity (as acetic acid), % by wt. (max.) 0.02 Molecular weight 134.2 
Boiling point at 760 mm. Hg, °C. 202.0 Specific gravity, 25/25°C. 0.986 
Fire point (open cup), °F. 210 Specific heat (average), cal./°C. 0.54 
Flash point (Cleveland open cup), °F. 205 Surface tension at 25°C., dynes/cm. 31.8 
Freezing range, °C. -55 Vapor pressure at 75°C., mm. Hg 0.13 
Heat of vaporization, Btu/Ib. 84.5 Viscosity at 20°C., centistokes 3.78 
Refractive index (nD at 25°C.) 1.425 Weight per gal. at 20°C., Ib. 8.20 


Table 11.29: Diethylene Glycol Monoethyl Ether/Ethylene Glycol (41) 


EKTASOLVE DE-HG 


Evaporation  1Б/ Color Specific Acidity, as Boiling Freezing Flash Point Assay 


Rate Gal @ Pt-Co Gravity @ Acetic Acid Range Point тес Min Wt 
n-BuOAc=1 20°C Max 20°/20°C Max Wt % °С "С °C (°F) % 
EKTASOLVE DE-HG Solvent" | «0.01 _ 8.56 10 1.027 0.01 190-205 -70 96 (205) -- 


(Diethylene Glycol Monoethy! Ether/Ethylene Glycol) 
{C2Hs{(OC2H4)20H][HOCH,CH20H} 


* High gravity solvent 
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Table 11.30: Diethylene Glycol Monobutyl Ether (2) 


ARCOSOLV DB HOCH, CH,OCH,CH,OC ,Ho 
Glycol Ether DB 


Diethylene glycol monobuty! ether is a colorless, high-boiling liquid. It is miscible in proportions with water, alcohol 
(methanol), ketones (acetone), ethers (ethy! ether), aromatic hydrocarbons (benzene), paraffinic hydrocarbons (n-heptane), 
and halogenated hydrocarbons (carbon tetrachloride). As it is an ether-alcohol type compound it possesses solvent action 
for many substances such as oils, dyes, gums, and natural and synthetic resins. It is used as a high-boiling solvent in 
nitrocellulose lacquers and other synthetic coatings, baking lacquers, flash-dry printing inks, and dye baths. 


Acidity (as acetic acid), % by wt. (max.) 0.01 Molecular weight 162.2 
Appearance water-white Specific gravity, 25/25°C. 0.952 
Boiling point at 760 mm. Hg, °C. 230 Specific heat (average), cal. /°C. 0.54 
Fire point (open cup), °F. 240 Surface tension at 25°C., dynes/cm. 30.0 
Flash point (Cleveland open cup), °F. 230 Vopor pressure at 25°C., mm. Hg 0.023 
Freezing range, °C. -40 Viscosity at 25°C., centistokes 4.92 
Heat of vaporization, Btu/ib. 74.3 Weight per gal. at 20°C., tb. 7.92 
Refractive index (np at 25°C.) 1.430 


Table 11.31: Diethylene Glycol Monopropyl Ether (19) 


EKTASOLV DP 
SOLV DP 

ARCOSOLV DP 
Glycol Ether DP 





Formula Vapor 
Molecular Bolling Freezing Flash Pressure, 
Solvent Weight РОМ, °C Point, °C Рони, °Р@) mm Hg 
ee A eee 
Ргору CARBITOL Solvent 148.20 216.0 -53 210 0.02 
Solubility at Surface Tension 
Coefficient 20°С, % by wt Relative at 26°C, dynesicm 
Specific Pounds of ————— Evaporstion пи 
Gravity, Per Expansion In Water Rate Neat 25% Aq. 
20/20°C Gallon at 20°C Water in (nBuAc = 100) Product Solution®) 
ари rere EWP PP a p лей e AER OPI IURI ERE EATUR A ить oir o RH i META a ет 
0.969 8.06 0.00089 Complete Complete 0.49 29.6 37.8 
at ll gee ap A TD pert ннд РА ннд 


(a) Tag Closed Cup 
(б) All solutions are percent by volume 


Table 11.32: Diethylene Glyco! Dimethyl Ether (2) 


DIGLYME сн,осн,сн,осн,с HOCH, 


Diethylene glycol dimethyl ether is a clear, water-white neutral liquid of faint, pleasant odor. This ether may be used 
as a solvent for alkali metal hydrides for use in such reactions as reduction, alkylation and condensation. И тау also be 
used as a lacquer solvent. 


Acidity (as acetic acid), % by wt. (max.) 0.015 Specific gravity, 20/20°C. 0.9451 
Арреагапсе water-white Surface tension at 259C., dynes/cm. 27.0 
Flash point (Cleveland open cup), °F. 168 Vapor pressure at 100°C., mm. Hg 3.0 
Freezing range, °C. -68 Viscosity at 20°C., centistokes 2.0 
Refractive index (np at 20°C.) 1.40778 Weight per gal. at 20°C., ГБ. 7.87 


Molecular weight 134.2 
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Table 11.33: Diethylene Glycol Monoethy! Ether (Special Grade) (23) 


CARBITOL Solvent 
POLY-SOLV DE 
Glycol Ether DE 


Boiling point, °C 190-205 
Flash point {TCC), °F 198 
Evaporation rate Bu Ac = 1.0 0.01 
Specific gravity 25°/25°C 1.025 
Pounds per gallon 25°C 8.52 
Viscosity, cs 25°C 6.9 
Surface tension (dynes/cm) | 33.5 
Solvent constants 
Solubility parameter 11.4 
Hydrogen bonding 16.6 
Dipole moment (Debye) 2.05 
Solubility in water ml/100 mi со 


Table 11.34: Diethylene Glycol Monohexyl Ether (79) 
Hexyl CARBITOL Solvent 


























Formula Vapor 
Molecular Boiling . Freezing Fiash Pressure, 
Solvent Weight Point, °C Point, °C Point, Ft) mm Hg 
Hexy! CARBITOL Solvent 190.28 259.1 -40 271 < 0.01 
Solubility at Surface Tension 
Coefficient 20°С, % by wt Relative at 25°C, dynes/cm 
Specific Pounds of вальсі и дриль ення Evaporation и Са 
Gravity, Per Expansion in Water Rate Neat 25% Aq. 
20/20°C Gallon at 20°C Water In (nBuAc = 100) Product Solution) 
0.935 7.78 0.00084 14 56.3 0.03 29.600) - 





(a) Tag Closed Cup 
(b) All solutions are percent by volume 
(c) at 20°C 


Table 11.35: Diethylene Glycol Diviny! Ether (79) 
1, 5-Bis(Vinyloxy)-3-O xapentane CH,=CHOC Н.С H4OC Н.С HOC H=CH, 


This vinyl ether is monomeric in character and is used as a chemical intermediate or as a crosslinking agent. Addition of 
isocyanic acid produces secondary diisocyanates. Divinyl ethers hydrolyze to the glycol and acetaldehyde. Chlorine or 
bromine add to the double bonds. Reaction with an alcohol in the presence of water produces a diacetal. Polymerization 
of divinyl ether of diethylene glycol with acidic catalysts produce crosslinked gels. Unsaturated polyesters, crosslinked 
with styrene, have been made noncorrosive to metals through use of diviny! ethers to reduce hydroxyl and acid numbeis. 


Boiling point, °C.: 


10 mm. Hg 81-82 

12 mm. Hg 85 _ 

50 mm. Hg 115-116 
Density, 29°C. 0.975 
Physical form colorless liquid 
Purity 95% 
Refractive index 1.4441-1.4452 


Stabilizer 0.01% 
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Table 11.36: Diethylene Glycol Monoisobutyl Ether (41) 


Color (Pt-Co Scale), ppm, maximum 


Acidity, as acetic acid, weight percent, maximum 


Boiling Range, 760 millimeters, "C 
Initial boiling point, minimum 


(CH3),CHCH,OCH,CH,OCH,CH;OH 


Specifications 


10 
0.01 


217.0 


Specific gravity, 20°/20°С 
Water, weight percent, Maximum 
Appearance 


0.945-0.949 
0.10 

Free from 
insoluble 


Dry point, maximum 


225.0 


Table 11.37: Triethylene Glycol (2) 


matter or haze 


Triglycol 


hee ere H2OH 
СН2ОСН2“СН2ОН 


Triethylene glycol is a clear, colorless, viscous, stable liquid with a slightly sweetish odor. Because it has two ether 
and two hydroxy! groups its chemical properties are closely related to ethers and primary alcohols. It is a good solvent 
for gums, resins, nitrocellulose, steam-set printing inks and wood stains. With a low vapor pressure and a high boiling 
point, its uses and properties are similar to those of ethylene glycol and diethylene glycol. Because it is an efficient 
hygroscopic agent it serves as a liquid desiccant for removing water from natural gas. It is also used in air conditioning 
systems designed to dehumidify air. 


Acidity (as acetic acid), % by wt. 
Boiling point at 760 mm. Hg, °C. 
Coefficient of expansion at 20°C. 
Density (true) at 20°C., g./°C. 
Fire point, ?C. (approx.) 


Flash point (Cleveland open cup), ?C. 


Freezing point, ?C. 


Heat of combustion (constant pressure) at 20°C., 


kcal/mol} 


Heat for formation (constant pressure), kcal/mol 
Heat of vaporization at 760 mm. Hg and 


244,5?C., cal./g. 


Spontaneous ignition temperature, ?F. 


Surface tension at 25?C., dynes/cm. 
Vapor pressure, mm. Hg: 
20°С. 
101°C. 
159°C, 
202°C, 
Water 


Weight per gal. at 20°C., Ib. 


0.01 
287.4 
0.00069 
1.1242 
172227 
330.0 
-72 


850 
192.9 


179 
206 
45.2 


0.01 
0.4 


10 
60 


miscible in 
all propor- 
tions 


7.97 


Table 11.38: Triethylene Glycol Monomethyi Ether (66) 


POLY-SOLV TM 


Physical Properties 


Boiling Point (°C) 

@ 760 mm Hg 

@ 50 mm Hg 

@ 10 mm Hg 
Coefficient of Expansion 

@ 20°C 

@ 55°C 
Density @ 25°C (ib/gal) 
Flash Point, TCC (°C) 

(°F) 
Flash Point, COC (°C) 
(°F) 
Freezing Point (°C) 
(°F) 
Heat of Vaporization @ 760 mm Hg 
(joules/g) 

Molecular Weight 
Refractive Index @ 20°C 
Solubility @ 20°C 

Poly-Solv in water 

water in Poly-Solv 
Specific Gravity, apparent @ 20/20°C 
Specific Heat @ 20°C (joules/g-°C) 
Vapor Pressure @ 20°C (mm Hg) 
Viscosity, absolute @ 20°C (cp) 


Table 11.39: Triethylene Glycol Monoethyl Ether (66) 


POLY-SOLV TE 


Physical Properties 


Boiling Point (°C) 

@ 760 mm Hg 

@ 50 mm Hg 

@ 10 mm Hg 
Coefficient of Expansion 

@ 20°C 

@ 55°C 
Density @ 25°C (lb/gal) 
Flash Point, TCC (°C) 

(°F) 
Flash Point, COC (°C) 
CF) 
Freezing Point (?C) 
CF) 
Heat of Vaporization à 760 mm Hg 
(joules/g) 

Molecular Weight 
Refractive Index @ 20°C 
Solubility @ 20°C 

Poly-Solv ia water 

water in Poly-Solv 
Specific Gravity, apparent @ 20/20°C 
Specific Heat @ 20°C (joules/g-°C) 
Vapor Pressure @ 20°C (mm Hg) 
Viscosity, absolute @ 20°C (cp) 


СН.ОСН.СН.).ОН 
Specifications 
Water, max 
249 (7e by weight) 
152 Acidity, as acetic acid 
126 (% by weight) 
Specific Gravity @ 20/20°C 
Без Color, max (APHA) 
8.71 Одог 
E Suspended Matter 
= Boiling Range (°C) 
118 Initial boiling point, min 
245 „5%, пип 
-55 95%, max 
%7 Dry point, max 
С = Characteristic F = Substantially Free 
327.6 
164.20 
1.4381 
Complete 
Complete 
1.048 
<0.01 
7.5 
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CH,CH,(OCH,CH,),OH 
Specificaitons 
Water, max 
256 (% by weight) 
158 Acidity, as acetic acid 
130 (96 by weight) 
Specific Gravity @ 20/20°C 
== Color, max (APHA) 
8.50 Odor 
ке Suspended Matter 
== Boiling Range (°C) 
124 Initial boiling point, min 
255 „596, min 
-21 95%, max 
-5.8 Dry point, max 
C = Characteristic F = Substantially Free 
299.8 
178.23 
1.4376 
Complete 
Complete 
1.022 
<0.01 
7.8 


0.1 


0.01 
1.037- 
1.055 
50 


220 
230 


0.1 


0.01 

1.020 

1.035 
50 


225 
235 
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Table 11.40: Triethyiene Glyco! Dimethyl Ether (27) 


TRIGLYME СНО, 
Molecular Weight 178.22 
Boiling Point, °C 760 mm Hg 216 
Freezing Point, °C -45.0 
Specific Gravity, 20°/20°C 0.9862 
Weight per Gallon, ІБ 20°C 8.23 
Vapor Pressure, mm Hg/20°C 0.02 
Volatility, n-butylacetate = 100 (0.1 
Viscosity, cp 20°C 3.8 
Surface Tension, dynes/cm 20°C 29.4 
Specific Heat, cal/g/^C 0.424 
Auto Ignition, *C 195 
Heat of Vaporization, K cal/mol 14.3 
Heat of Combustion, K cal/mol 1191 
Heat of Formation, K cal/mol 179 
Flash Point, *C closed cup 111 
Refractive Index n, at 20*C 1.4224 
Appearance Clear, colorless 
Odor Mild, non-residual 
Solubility at 25*C 

in water Complete 
Water in Complete 
Organics* 


“АП glymes are miscible in all proportions in ethanol, acetone, 
benzene, diethyl ether and octane. 
Table 11.41: Triethylene Glycol Monomethyl Ether/Highers (23) 
DOWANOL TMH 


эч 
STRUCTURAL Molecular rit 

FORMULA Weight == PET 
Triethylene Glycol CH;,0(C,H,0),H 173. ЕЗ 
Methyl Ether/Highers! (n=3,4,5) ЕЗ 


| DILUTION RATIO | RATIO SOLVENT CONSTANTS 


A ү 

; TE Сен лгі. 

sun Solublilty | Hydrogen 
oa А gu Toluene | Naphtha 

poe fan for fo fw [| we 


* Solubility Parameters are usetul as a guide in determining the ability of a solvent or sotvent mixture to dissolve resins. A discussion of solubility 
parameters and the basis for these values are contained in an article by H.S. Burreli in the Spring 1955 issue of interchemical Review. 

? A discussion of the hydrogen bonding parameter is contained in an article by Allen A. Ort in the August 1975 issue of Journal of Paint Technology, Vol. 
47, No. 607, pages pare This particular article was the basis of the listed values of the hydrogen bonding parameter. 


3 :Pensky-Martens Closed Cup (PMCC) 















OOWANOL 








8.80 





Table 11.42: Triethylene Glycol Monobutyl Ether/Highers (23) 
DOWANOL TBH 


неа 

Flash 

DOWANOL STRUCTURAL Molecular Pes 
FORMULA Weight | mm m Ms 





mee [ate es [= |e 
Butyl Ether/Highers | (n=3,4,5 


DILUTION RATIO SOLVENT CONSTANTS 


Dipete 
КЕ === 
(mm Hg) Toluene Bonding’ | (Debye) 
Imber 


* Solubitity Parameters are usetui as a i in determining the ability of a sotvent ог solvent mixture to dissoive resins. A discussion of solubitity 
parameters and the basis for these values are contained in an article by H.S. Burreli in the Spring 19£5 issue of /nterchemicat Review. 


2 A discussion of the hydrogen bonding parameter is contained in an article by Allen A. Orr in the August 1975 issue 01 Journal of Paint Techootogy, Vo! 
47, No. 607, pages 45-49. This particular article was the basis of the fisted values of the hydrogen bonding parameter. 


3 Pensky-Martens Closed Сир (РМСС) 
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Table 11.43: Tetraethylene Glycol (2) 


Tetraethylene glycol is a high-boiling, clear liquid of low volatility. It is completely miscible with water and a wide 
variety of organic solvents. For certain aliphatic hydrocarbons, it has a very slight affinity. Tetraethylene glycol 

is used as a coupling agent for blending water-soluble and water-insoluble compounds in such formulations os lubricants, 
glues, cork and textile products, etc. 


Acidity (as acetic acid), % by wt. (max.) 0.01 
Ash, % by wt. (max.) 0.01 
Bailing point: 

760 mm. Hg, °F. 586.0 

760 mm. Hg, °C. 307.8 
Color, Pt-Co scale (max.) 200 
Fire point, (Cleveland open cup), °F. 375 
Flash point (Cleveland open cup), °F. 365 
Freezing range, °F. 22 
Molecular weight 194.2 
Refractive index (np at 25°C.) 1.457 
Specific gravity, 20/20°C. 1.125-7 
Specific heat at 77°F. (25°C.) 0.52 
Surface tension at 25°C., dynes/cm. 45 
Vapor pressure at 25°C., mm. Hg 0.01 
Viscosity (absolute) in centistokes: 

29°С. 39.9 

60°С. 10.2 
Water, % by wt. 0.20 
Weight per gal. ot 25?C., lb. 9.34 


Table 11.44: Triethylene Glycol Dimethyl Ether (21) 


TRIGLYME C,H,,0, 
Molecular Weight 222.28 
Boiling Point, °C 760 mm Hg 275 
Freezing Point, °C ~29.7 
Specific Gravity, 20°/20°C 1.0132 
Weight per Gallon, Ib 20°C 8.45 
Vapor Pressure, mm Hg/20°C 0.01 
Volatility, n-butylacetate - 100 (0.1 
Viscosity, cp 20°C 4.1 
Surface Tension, dynes/cm 20°C 33.8 
Specific Heat, cal/g/°C 0.427 
Auto Ignition, °C 215 
Heat of Vaporization, K cal/mol 18.7 
Heat of Combustion, K cal/mol 1480 
Heat of Formation, K cal/mol 217 
Flash Point, °C closed cup 141 
Refractive Index n, at 20°C 1.4330 


Appearance Clear, colorless 
Odor Very mild, non-residual 
Solubility at 25°C 
In water Complete 
Water in Complete 
Organics* 


*All glymes are miscible іп all proportions in ethanol, acetone, 


benzene, diethyl ether and octane. 
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PROPYLENE GLYCOLS 


Table 11.45: Propylene Glycol Monomethyl Ether (2) 


ARCOSOLV PM 

DOWANOL PM CH,CHOCH,OCH, 
POLY-SOLV MPM 

Glycol Ether PM 


Acidity (as acetic acid), % by wt. (max.) 0.02 
Appearance water-white 
Boiling point, 760 mm. Hg, ?C. 120.1 
Fire point (open cup), Е. 100 
Flash point (Cleveland open cup), “Е. 100 , 
Freezing range, °F. -142 
Refractive index (np а! 20°C.) 1.4021 
Molecular weight 90.1 
Specific gravity, 20/20°C. 0.919 
Specific heat (average), cal./°C, 0.58 
Surface tension at 25°C., dynes/em. 27.7 
Vapor pressure at 20°C., mm. Hg 10.9 
Viscosity at 20°C., centistokes 1.75 
75°С. 0.70 
Weight per gal. at 20?C., Ib. 7.65 


Table 11.46: Propylene Glycol Monophenyl Ether (2) 
DOWANOL PPh 


Typical Physical Properties 


Моіесиїіаг М/віді ............................................................ 152.2 
Войіло Роіпі, “С 760 тт Но .................................................. 242.7 
Воло Роіпї, °С, 10 тт НО ...................... 5. 115.9 
Freezing Point, Е ............. n nennen 55 
Soecitic Gravity; cores С. зууну ыйынын dU HEIN ep to ttn 1.063 
Pounds/ Gallon at 25°C ............... a A A A E ан 8.80 
ViSGOSIIV, се БО алына ры E Derg Gee teed EEN AA 23.2 
Fiash Point, F (TOO) eod кон ль о rbi p bo aA a caf Rer UR Ap 260 
брестс Неа!, 25%С, сау от! С .... enne 0,52 
Surface Tension, 25°C, дупеб/ст............................................... 38.1 
Rétractive Index. 2S O 222 зуы кокос ей 1.522 
ЅоіџЫййу іп Матег, 25"С, 0/1000.......................................2222.-2.-. 1.1 
Vapor Pressure, 25°C, mm Н0 ................................................. <0.1 


СОЮЕСАРНА, S susp | _"________ ера < 25 


Table 11.47: Propylene Glycol Monopropyl Ether (79) 


ARCOSOLV PNP 




















Formula Vapor 
Molecular Boiling . Freezing Flash Pressure, 
Solvent — Weight Point, °C Point, °C Point, °F || тт Но 
Ргору! PROPASOL Solvent 118.18 149.8 -80о 119 1.68 
| Solubility at ' Surface Tension 
Coefficient 20°C, % by wt Relative at 26°C, dynes/cm 
Specific Pounds of Evaporation 
Gravity, Per Expansion in Water Rate Neat 2544 Ад. 
20/20°C Gallon at 20°C Water по (nBuAc = 100) Product Solution 
0.887 7.36 0.00104 Complete Complete 22 27.0 30.4 
(a) Tag Closed Cup 
(b) All solutions are percent by volume 
(c) Sets to glass below this temperature 
Table 11.48: Propylene Glycol Monobuty! Ether (79) 
ARCOSOLV PNB 
Formula Vapor 
Molecular Boiling Freezing Flash Pressure, 
Solvent Weight Point, °C Point, °C Point, °F) mm Hg 
Butyl PROPASOL Solvent 132.20 170.1 - 80K 138 0.56 
Solubility at Gurtace Tension 
Coefficient 20°C, % by wt Relative at 26°C, dynes/em 
Specific Pounds 0! ------- Evaporation ee 
Gravity, Per Expansion In Water Rate Neat 25% Aq. 
20/20°C Galion at 20°C Water in (nBuAc - 100) Product Solution 
0.884 7.32 0.00100 5.6 14.9 8.8 27.4 32.34 
(a) Tag Clased Cup 


(b) All solutions are percent by volume 
(с) Sets to glass below ihis temperature 
14) 596 solution 
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Table 11.49: Propylene Glyco! tert-Butyl Ether (73) 


SOLV PTB 
ARCOSOLV PTB 
Giyrol Ether PTB 





Dilution Вас | 




















Product Name | Chemical Evaporation Aste — Specilic Gravity, кон Distillation Range, Viecosity Toluene Special Naphtholta | Flash Point, 
Abstract п-ВчАск\ @20:20°C Фес с еР 4% Н5 1/2 мс (УМАР) тесгЕ 
Service Number N.C. @ 25°C 
Solv PTB — | 57018-527 025 0870 727 145-155 3.8 23 1.2 113 
Sven Соли 
Solubility Hydrogen Dipole Weight % Weighi * Biush Resistance Electrical Vapor Pressure Coetlicien! DOT NFPA Ни во 
Parameter Bonding Moment ln Water In Water ЖАН Ф 60°F Resistance mmHg @20°C —— ol Expansion Hazard Ratings Ratings (ts) 
Megohms : (Per* C) Сив H-F-R H-F-R 
9.0 157 2.1 14.5 20.1 — — | 4.7 — CL 2-2-0 2-2-0 — 
Table 11.50: Propylene Glycol Monobutoxyethyl Ether (139) 
Formula Vapor 
Molecular Boiling Freezing Flash Pressure, 
Weight Point, °C Point, °C Point, ?F(&) mm Hg 
176.26 230.0 -90ко) 197 < 0.01 
Solubility at Surtace Tension 
Coefficient 20°C, % by wt Relative al 25°C, dynes/cm 
Specific Pounds of SS акти Evaporation a 1 
Gravity, Per Expansion In Water Rate Neat 25% Ад. 
20/20°C Gallon at 20°C Water In (nBuAc = 100) Product Solution(?) 
0.938 7.81 0.00091 e Ald) ~ 209) 0.13 27.6 — 
(a) Tag Closed Cup (d) An accurate determination of the solubility of Butoxyethy! PROPASOL 


Solvent in water and water in Butoxyethyl PROPASOL Solvent is 
difficult because of the similarity of their densities and the sensitivity 
of the solubility to slight changes in temperature. Thus, the solubility 
data reported here are approximate. 


(b) All solutions are percent by volume 
(c) Sets to glass below this tc.nperature 


Table 11.51: Propylene Glycol isobutyl Ether and Higher Homologs (23) 


Boiling point, °C 172 Dilution ratio | 

Flash point (TCC)°F 138 Toluene 2.3 
Evaporation rate BuAc = 1.0 0.09 Naphtha 1.5 
Specific gravity 25°/25°C 0.883 Solvent constants 

Pounds per gallon 25°C 7.33 Solubility parameter 8.6 
Viscosity, cs 25°C 4.01 Hydrogen bonding 14.8 
Vapor pressure @ 25°C (mm Hg) 1.3 Dipole moment (Debye) 1.97 


Surface tension (dynes/cm) 25.1 Solubility in water т!/100 т! 2.9 
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Table 11.52: Propylene Based Glycol Ether Blends (23) 


DOWANOL BC-100 
DOWANOL ВС-200 
Gravity 


Bailing 
Pt. °C 
STRUCTURAL Moiecular 760 
FORMULA Weight | mmHg : 25/25% 
Glycol Ether 184.0 | 
Propylene-Based 120.0- | 
Glycol Ether 184.0 


Surface |__DILUTION RATIO 

“Cant eas ЗИ 

ша at 25°C ЗИ 
25°C | (mm Hg) 







Specific 














7.71 





пи |.» | = | -_ 


! Solubitity Parameters are useful as a guide in determining the ability of a solvent or solvent mixture to dissolve resins. A discussion of solubility 
parameters and the basis fpr these values are contained in an article by H.S. Burrell in the Spring 1955 issue of /aterchemica! Review. 


? A discussion of the hydrogen bonding parameter is contained in an article by Allen A. Orr in the August 1975 issue of Journal of Paint Technology, Voi. 
47, Mo. 607. pages 45-49. This particular article was the basis of the listed vaiues of the hydrogen bonding parameter. 


3 Setaftash 


Table 11.53: Propylene Based Glycol Ether Blend (23) 


Boiling point, °C 179 
Fiash point (TCC)°F 147 
Evaporation rate Bu Ac = 1.0 0.08 
Specific gravity 25°/25°C 0.917 
Pounds per gallon 25°C 7.62 
Viscosity, cs 25°C 3.8 
Vapor pressure @ 25°C (mm Hg) 0.6 
Surface tension (dynes/cm) 26.4 
Solvent constants 
Solubility parameters 9.0 
Hydrogen bonding 14.1 
Dipole moment (Debye) | 1.97 
Solubility in water mf/100 ml 12.0 


Table 11.54: Dipropylene Giycol Monomethyl Ether (2) 


ARCOSOLV DPM 

DOWANOL DPM HOCH OCH OCH, 
POLY-SOLV DPM 

Glyco! Ether DM 


"Dowanol" DPM has a mild, pleasant odor. Because of its structure it is completely miscible with water and a wide vari- 
ety of organic substances, and has the combined solubility characteristics of an alcohol, an ether and a hydrocarbon. it 
is used in formulations of brake fluids, lacquers, paints, varnishes, dye and ink solvents, wood stains, textile processes, 
dry cleaning soaps and cleaning compounds. 


Acidity (as acetic acid), % by wt. (max.) 0.02 Specific gravity, 20/20°C. 0.951 
Appearance water-white Specific heat (average), cal./°C. 0.54 
Boiling point at 760 mm. На, °С. 188.3 Surface tension at 25°C. dynes/cm. 28.8 
Fire point (open cup), °F. | 185 Vapor pressure at 20°C., mm. Hg 0.4 

Flash point (Cleveland open cup), °F. 185 Viscosity in centistokes: 25°C. 3.33 
Freezing range, °C. -117 75°С. 1.07 
Refractive index (np at 20°C.) 1.419 Weight per gal. at 20°C., ГБ. 7.91 


Molecular weight 148.2 
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Table 11.55: Dipropylene Glycol Monopropyl Ether (139) 
ARCOSOLV DPNP 

















Formula Vapor 

Molecular Во пр Freezing Flash Pressure, 

Weight Point, °C Point, °C Point, °F) mm Hg 

176.26 212.3 <-70 208 0.04 

Solubility at Surface Tension 
Coefficient 20°C, Ye by wt Relative at 25°C, dynes/cm 

Specific Pounds of е ————= Evaporation ШТ И И 
бгамйу, Рег Expansion in Water Rate Neat 25% Ag. 
20/20°C Gallon at 20°C Water in (nBuAc = 100) Product Solution(*) 
0.922 7.67 0.00093 18.0 23.0 0.64 29.8 = 





(a) Tag Closed Cup 
(b) All solutions are percent by volume 


Table 11.56: Dipropylene Glycol Monobutyl Ether (79) 


ARCOSOLV DPNB 














Formula Vapor 

Molecular Boiling Freezing Flash Pressure, 

Weight Point, °C Point, °C Point, °F() mm Hg 

190.28 230.6 – 7000) 230 0.05 

Solubility at Surface Tension 
Coefficient 20°C, Ye by wt Relative at 25°C, dynes/cm 

Specific Pounds of ------- Evaporation Sa Up em 
Gravity, Per Expansion In Water Rate Neat 2594 Ад. 
20/20°C Gation at 20°C Water In (nBuAc = 100) = Product Solution® 
0.917 7.62 0.00092 3.0 12.0 0.40 - - 





(a) Tag Closed Cup 
(b) All solutions are percent by volume 
(c) Sets to glass below this temperature 


Table 11.57: Dipropylene Glycol Tertiary Buty! Ether (70) 
ARCOSOLV DPTB 


ARCOSOLV DPTB is a colorless liquid with a mild odor and low volatility. it is partially water soluble and 
demonstrates good coupling. It also shows good solvency for coating resins. The properties of DPTB support its 
use in agricultural, coating, cleaning, ink, textile and adhesive products 


PRODUCT IDENTIFICATION 

Chemical Name ...Tertiary Butoxy Propoxy Propanol 
DV UPS Dipropylene Glycol Tertiary Butyl Ether 

Chemical Family ................... Propylene Glycol Ether 

Chemical Formula ...................................... C10H2203 


(continued 
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Table 11.57: (continued) 


PRODUCT SPECIFICATIONS 


- Property Specifications Test Method 
TYPICAL PROPERTIES , 5 
«a Density (pounds per gallon at 25?C) .................. 7.6 5р а МУ 0.890 – 0.910 ASTM D-891 
« Еуарогайоп Вае (ВиАс = 100) ......................... 1.5 | | 
a Flash Ро! (5ЕТА) °С (°Е)........................ 87 (188) Distillation @ | 
« Solubility by weight in water at 20?C ............... 1296 760mm Hg : 
. Solubility Parameter (Total Hansen) ............... 9.3 IBP, min. | ASTM D-1078; 
« Surface Tension (Dynes/cm) Q 25*C (77°F)......26 DP, max. | | Е-202 
a Refractive Index @ 25°C (77°Е)...................... 1.42 Acidity, wt. % as ASTM E-202; 
» Viscosity (centistokes) € 25*C (77?F)............... 49 | acetic acid, max. | | USP Xx! 


.У Р @ 25°C (77°F На) ....... 0.08 | 
арог Ргеззиге (77°F) (mm Hg) Water, | ASTM E-202; 


wt. %, max. | E-203 


Color, | ASTM E-202; 
APHA, max. D-1209 





Table 11.58: Tripropylene Glycol (2) 


Tripropylene glycol is a water-white liquid. One of its unique features is its combination of water-solubility and 
good solubility for many organic compounds. Because of high boiling point and low volatility it is used in the 
formulation of textile soaps, lubricants, cutting oils, and similar applications. 


Boiling point: 

760 mm. Hg, °F. 513.0 

760 mm. Hg, °C. 267.2 
Fire point (Cleveland open cup), °F. 310 
Flash point (Cleveland open cup), °F. 285 
Freezing range supercools 
Molecular weight 192.3 
Refractive index (np at 25°C.) 1.442 
Specific heat at 77°F. (25°C.) 0.51 
Surface tension at 25°C., dynes/cm. 34 
Vapor pressure at 25°C., mm. Hg 0.01 
Viscosity (absolute) in centistokes: 

29, 55.1 

60°С. 9.80 
Weight per gal at 25°C., fb. 8.51 
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Table 11.59: Tripropylene Glycol Monomethyl Ether (2) 


ARCOSOLV TPM 

DOWANOL TPM 

POLY-SOLV TPM HOCH OCH OCH OCH, 
Glycol Ether TPM 


Tripropylene glycol monomethyl ether is a colorless liquid possessing a mild, pleasant odor. It is completely miscible with 
a wide variety of organic products and water. This solubility for a wide range of organic products is due to the presence 
of the hydroxyl, ether and alkyl group in the molecule. It is used in the manufacture of cosmetics, liquid soaps, clean- 
ing formulation, printing and writing inks, dyeing formulations, wood stains and in lacquers, paints and varnish formulations. 


Acidity (as acetic acid), % by wt. (max.) 0.02 Specific gravity, 25/25°C. 0.967 
Appearance water-white Specific heat (average), cal./°C. 0.51 
Boiling point at 760 mm. Hg, ?C. 242.4 Surface tension at 25?C., dynes/cm. 30.0 
Fire point (open cup), °F. 270 Vapor pressure at 75°C., mm. Hg 0.022 
Flash point (Cleveland open cup), °F. 260 Viscosity in centistokes: 
Freezing range, °C. -42 ЭЕ; 6.16 
Refractive index (np at 25°C.) 1.428 75%С:; 1.67 
Molecular weight 206.3 Weight per gal. at 20°C., Ib. 8.05 
Table 11.60: Aromatic Based Glycol Ether (23) 
DALPAD A 
Molecular weight 138.0 
Boiling point, °C 245.0 
Flash point (TCC)°F 260 
Evaporation rate Bu Ac = 1.0 <0.01 
Specific gravity 25°/25° C 1.104 
Pounds per gallon, 25°C 9.18 
Viscosity, cs, 25°C 20.5 
Vapor pressure @ 25°C {mm Hg) 0.03 
Surface tension (dynes/cm) 42.0 
Dilution ratio 
Toluene Insoluble 
Naphtha Insoluble 
Solvent constants 
Soijubility parameter 11.4 
Hydrogen bonding 16.6 
Dipole moment (Debye) 1.67 
Solubility in water ml/100 mI 2.3 
TRIGLYCOLS 
Table 11.61: Methoxytriglycol (19) 
POLY-SOLV TM 
Triethylene Glycol Monomethyl Ether 
Molecular weight 164.20 Freezing point, °C -38.2 
Apparent specific gravity, Absolute viscosity, cp 
e 207/20 C 1.053 @ 20°C 7.27 
ASpecific gravity/At., Solubility 
10°-40°C, per °C 0.00088 @ 20°C in water compiete 
Boiling point, °C % by wt water in complete 
@ 760 mm Hg 249.0 Solubility, % by wt in 
@ 50 mm Hg 162 heptane* * 1.5 
@ 10mm Hg 126 Refractive index, n” 1.4381 
Ab.p./Ap., 750 to 770 Heat of vaporization, Btu/ib 
mm Hg,°C per mm Hg 0.053 @ 1 atm 141 
Vapor pressure at 20°C, @ 300 mm Hg 150 
mm Hg <0.01 Flash point, closed cup, °F 238 
Relative evaporation rate* 
(Bu Ac = 100) <0.1 


* Evaporation rate of glycol ether at 20°C referenced to n-butyl acetate at 25°C. 
** At 25°C the glycol ether is completely soluble in acetone, benzene, ethyl ether, methanol, and carbon tetrachloride. 


Glycol Ethers 537 


Table 11.62: Ethoxytriglycol (19) 


POLY-SOLV TE 
Triethylene Glycol Monoethyi Ether 


Moiecular weight 178.23 Freezing point, °C -18.7 
Apparent specific gravity, Absolute viscosity, cp 

@ 20°/20°C 1.0250 @ 20°C 7.8 
ASpecific gravity/At., Solubility 

10°-40°C, per °C _ 0.00088 @ 20°C in water complete 
Boiling point, °C % by wt water in complete 

760 mm Hg 255.9 Soiubility, 96 by wt in 

@ 50 mm Hg 167 Пертапе““ zi 2 

(9 10 mm Hg 130 . Refractive index, n 1.4376 
Ab.p./Ap., 750 to 770 Heat of vaporization, Btu/Ib 

mm Hg/C per mm Hg 0.055 @ 1 atm 129 
Vapor pressure at 20°C, @ 300 mm Hg 137 

mm Hg <0.01 Flash point, closed cup, °F 255 
Relative evaporation rate* 

(Bu Ac = 100) <0.1 


“ Еуарога оп rate of glycol ether at 20°C referenced to n-buty! acetate at 25°C. | 
** At 25°C the glycol ether is completely soluble in acetone, benzene, ethyl ether, methanol, and carbon tetrachloride. 


Table 11.63: Butoxytriglycol (19) 
Triethylene Glycol Monobutyl Ether 


Molecular weight 206.28 Freezing point, °C -47.6 
Apparent specific gravity, Absolute viscosity, cp 

@ 20°/20°C 1.0021 @ 20°C 10.9 
ASpecific gravity/At., Solubility 

10°-40°C, per °C 0.00082 @ 20°C in water complete 
Boiling point, °C % by wt water in complete 

@ 760 mm Hg (dec) Solubility, % by wt in 

@ 50 mm Hg 188 heptane* * complete 

10 mm Hg 148 Refractive index, n9 1.4394 
Ab.p./Ap., 750 to 770 Heat of vaporization, Btu/Ib 

mm Hg, °C per mm Hg = @ 1 atm 176*** 
Vapor pressure at 20T, @ 300 mm Hg да 

mm Hg <0.01 Flash point, closed cup, °F 2250 
Relative evaporation rate* 

(Ви Ас = 100) <0.1 


* Evaporation rate of glycol ether at 20°C referenced to n-butyl acetate at 25°C. 
** At 25°C the giycol ether is completely soluble in acetone, benzene, ethyl ether, methanol, and carbon tetrachloride. 


***At 190?C and 50 mm Hg. 


MISCELLANEOUS GLYCOL DATA 


Table 11.64: ARCOSOLV Evaporation Characteristics, Resin Compatibility and Other Data (70) 


Relative Solvent Evaporation Rates 


Fast fyvaporatindg § - 300) 


Acetone 559 
Ethyl Acetate 391 
Methyl Ethyl Ketone 379 


Medium Evaporating (80,300) 
Methanol 
Isopropyl Alcohol 
Butyl Acetate 

Slow Fvaporating i^. 80) 





(continued) 


Table 11.64: (continued) 


Evaporation Curves—Neat Solvents 
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Evaporation Rates for PM/DPM Blends 


Blends Recommended for EG Ethers Reformulation 
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Weight % DPM in PM/DPM Blend 


Evaporation Curves—55/45 PM/DPM Blend 
and EB (25°C) 





55/45 PM/DPM 


Weight % Evap. 


60 80 


Time (Mins.) 
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Table 11.64: (continued) 


Evaporation Curves from 60% Araldite® 6010* 
Epoxy Resin 
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* Ciba-Geigy Corp. 
Evaporation Curves from 10% RS 1/2 Sec. 
Nitrocellulose* Resin 


Weight 96 Evap. 


40 60 
Time (Min.) 


* Hercules, inc. 





Evaporation Times of Glycol Ether Acetates 


Glycol Ether 
Acetate 


Minutes to 
9095 Evaporation 





Evaporation Curves—Glycol Ether Acetates and 
PM Acetate/DPM Acetate Blends (25°C) 


Weight % Evaporated 
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Table 11.64: (continued) 


Glycol Ether Azeotropes with Water 


бр. о! Composition of Azeotrope 


glycol ether, azeotrope, Glycol Ether, Water, 
C at/60mm Hg C at 760mm Hg МИА се Wt ?5 


29 


D.p. of pure 





Glycol Ether 







“Ethylene Glycol Propyl Ether 


ARCOSOLV PTB Ether and other Glyco! Ethers 
Evaporation Curves—Neat Solvents 
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C -Clear 

Н - Hazy 

V -Very 

S -Slight 

NS - Not Soluble 
— - Not Tested 


See Table for supplier listing by 
tradename. 


. Ail testing carried out under ambient 


conditions. Resins were used as 
received from manufacturer. Criterion 
for solubility in solutions was two hours 
Shaking. Sample size was 200 g. Films 
were applied at 3 mils thickness on 
glass and air dried 48 hours. 

20% Resin/80% ARCOSOLV PM 
solvent 


5% Resin/95%0 ARCOSOLV PM solvent 


‚ 75% Resin/25% ARCOSOLY PM 


solvent. 


Compatibility of ARCOSOLV" PM Solvent with 
Various Film Formers 


Resin Tradename' 


Compatibility? 
Wt.% ARCOSOLV PM/Resin 


10/90 50/50 90/10 
Soin Fiim бо!п гп Soin Film 









Acryloid AT-51 
Elvacite 2041 
Acryloid OL-42 


C C | C 
Alkyd (Solvent Reducible) 
C C 


Beckosol 12-006 С С 
Duraplex 12-808 | С С 
Сага! 5836 С 


Alkyd (Vinyl Toiuene/Oil) 
Ке!го! 1001 С С 


| с | с | м Т - | 
Alkyd (Water Reducibie) 


Kelsol 3902 С С С С С С 
Kelsol 3921 C C C C C C 


Cellulose Acetate Butyrate 


Chlorinated Rubber 


Parlon 8-20 ые е р | не 
Araldite 6010 С Є С С С С 
Araldite 7071 С» C5 C C C C 


Ethylene Vinyl Acetate 
ЕСІН ЕСЕН БЕСІН БЕЗІН ЕСЕ БЕТІН 











O 
O 






































Elvax 40 


Melamine Formaldehyde 


Uformite 27-806 









Nitrocellulose 
Cellofilm No. 101175 C C 
Polyamide 


Hardener HZ 815X70 C 
Hardener HZ 815 C 
Hardener HZ 840 


Urea Formaldehyde 
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O 
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О 
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O 


Spenkel F-78-50 C C С С С 

Spenkel F-48-50 с је ро С С | SH 
Spenkel F-77-60 | C С: С C C 
Vinyl Chloride/Acetate 


Vinylte VYNS 
Vinylite VAGH 
Vinylite VY HH 
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Table 11.64: (continued) 


Resin Suppliers 








Solvents 







% Solids 









Resin Tradename Supplier 
Acryloid AT-51 
Elvacite 2041 


Rohm and Haas 50 Xylene/n-Butanol 
DuPont 100 - 
Acryloid OL-42 Rohm and Haas EEA 


| Alkyd (Solvent Reducible) 


Beckosol 12-006 
Duraplex 12-808 
Cargill 5836 


I Alkyd (Vinyl Toluene/Oil) 


Spencer Kellogg [ 60 | Minera Spirits — | Mineral Spirits 


је) 


Spencer Kellogg | EB 
Spencer Kellogg Propylene Glycol 


Propyl Ether 
Cellulose Acetate Butyrate 


Eastman — [ 1:0 | = ___ 
Hercules — | 10 | - — 
Epoxy 


Araldite 6010 Ciba-Geigy 100 
Araldite 7071 Ciba-Geigy 100 
I Ethylene Vinyl Acetate _ 
DuPont 100 | - | 
Reichhold 80 i-Propanol/i-Butanol 
American Cyanamid 100 — 


Cellofilm No. 101175 Cellofilm 40 Methylisobutyl Ketone/ 
V» Sec. Solution Toluene/Butyl 
Acetate/n-Butanol 















Reichhold 50 Xylene/VM&P Naphtha 
Reichhold 60 Xylene 
Cargill 70 EEA 









Polyamide 

Ciba-Geigy 70 Xylene 
| Ciba-Geigy 100 — 
pr Ciba-Geigy 100 | - 


Urea Formaldehyde 


‘Beetle 227-8 American Cyanamid Xylene/n-Butanol 
Beckamine 21-511 Reichhold , n-Butanol/Ethanol 


| Urethane 















Mineral Spirits 
Mineral Spirits 
Mineral Spirits 


Spencer Kellogg 50 
Spencer Kellogg 50 
Spencer Kellogg 60 











Vinyl Chloride/Acetate 





Vinylite VYNS Union Carbide 100 Е 
Vinylite VAGH Union Carbide 100 -- 
Vinylite VYHH Union Carbide 100 


Viscosities of PM with Various Resins 


Viscosity, cps at 25°C 
Final % Sols. 


30 
410 


Acryloid* B-72 (Rohm and Haas) 

Epon* 1001 (Shell Chemical Co.) 

RS 2 Sec. Nitroceliulose (Hercules, inc.) 

. Aroplat* 6025-A1-80 (Spencer Kellogg, 
Division of Textron, inc.) 

5. Cargill 7451 (Cargill, Inc.) 





à QN 


Viscosities of PM/DPM Blends with Various Resins 


Viscosity, cps at 25 C 


Final РМ/ОРМ PM/DPM РМ/ОРМ 
Resin 9/ Sols 95/5 90/10 65/35 
Acrylic’ 
Alkyd? 
Epoxy? 
1. Acryloid® B-72 (Rohm and Haas) 


2. Cargill 7433 (Cargill, Inc.) 
3. ARALDITE* 6010 (Ciba-Geigy Corporation) 


(continued) 
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Table 11.64: (continued) 


Viscosity Reduction 
ЕРОМ” 1001 
Epoxy Несіп" (252С) 
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40 
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"Shell Chemical Company 


Viscosity Reduction 
RS 1% Sec. Nitrocellulose 
Resin* (25°C) 
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19 
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" Hercules, inc. 








Viscosity Reduction 
Aroplaz? 6230 
Alkyd Resin* (25°C) 
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40 
% Solids 





“Spencer Kellogg Division, Textron, Inc. 


Viscosity Reduction 
CARGILL 5710 
Alkyd Resin* (25°C) 


65/35 PM/DPM Blend 


Viscosity, CPS 


60 
% Solids 


*Cargill, inc. (continued) 
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Table 11.64: (continued) 


Viscosity Reduction 
Acryloid® B-72 Acrylic Resin* 


9 
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% Solids 
“Rohm and Haas Co. 


Viscosity of Acryloid® B-72 Acrylic Resin" 
in PM/DPM Blends 


Viscosity, CPS 


20 40 60 80 
Wt. % ОРМ in PM/DPM Blend 


*Rohm and Haas Co. 





Alkyd Resin Stability 
125°F, Four Weeks 


3.0 40 
log Melscular Weight 





3.0 4.0 
ің Molecular Weight 





(continued) 


SLYT |0240 


#75 


Table 11.64: (continued) 


Performance! of ARCOSOLV' DPMA in a 
Vinyl Acrylic Interior Wall Paint 
(6.8 Wt. % Coalescent) 


ARCOSOLV” 
Coalescent None  Texanol? EBA DPM Acetate 


Film Appearance (Sealed/Unsealed) | 


Unstained 
Stained 
Unstained 
Stained 
1. ASTM Standardized Scoring Scheme 
Score Performance Effect 
10 Perfect None 
9 Excellent Trace 
8 Very Good Very Stight 
6 Good Slight 
4 Fair Moderate 
2 Poor Considerable 
1 Very Poor Severe 
0 Мо Маки: Complete Fadure 


2. Trademark of Eastman Chemical Products, inc. 


Improved Whiteness in Coatings using 
ARCOSOLV® Glycol Ethers and Acetates 


Whiteness Index 
Formulation Solvent {4B-3G Reflectance} 


Epoxy Baking Ename! 
р 


Epoxy Maintenance Enamel 
75.8 


High Solids Alkyd Enamel 


Polyester Appliance Enamel 








79.7 
78.5 


Whiteness Study—Reduced Amount of Titanium 
Dioxide White Epoxy Baking Enamel 





Opacity 


Effect of Grinding Method on Whiteness 
White Epoxy Baking Enamel 


High Speed А 
Dispersion Sand Mili 











Слово Орау — | | 






РМ 
| 25000 | 
863 
| 954 | 







Hard Surface Cleaner Evaluation 
Selected Glycol Ethers 


Performance 
Sheli ARCO 





Ci ve ТУ ER M ev Type Ali Purpose 
АНСОБОСУ РМ 


ARCOSOLV DPM 
ARCOSOLV TPM 


7. Trademark of Texize Chemical Company 
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Table 11.64: (continued) 


Evaluation of ARCOSOLYV Glycol Ethers in 
Household Cleaners 


Performance Rating 


Ethytene Glycot ARCOSOLV PM/DPM 
Cleaner Butyl Ether 60/40 Blend 


AN Purpose Hard Surlace Type’ | ој 8. 
Spray-On Мега! Cleaner 





Formulations 
Spray-On Metal Cteaner 


Glycol Ether 20.0 Wt.% 
Trisodium Phosphate Makon® 10 Surfactant? 20.0 


Sodium Metasilicate (5 Hydrate) 2.0 Kerosene 60.0 
Sodium EDTA (Anhydrous) 


Tergitol® 18-5-9 Surfactant poU 


Alt Purpose Hard Surface Type 





Na Xylene Sultonate (40%) 


1. Evaluated in accordance with Federal 
Specification P-D-220D. Soil described 
in Method 6701T of Federal Test 
Method Standard 436. 

. Union Carbide Corporation. 

. Stepan Chemical Company. 


ам 


ARCOSOLV Acceptable Exposure Criteria 


Acceptable Exposure Criteria 
100 


3 
5 
Е 
ad 
m 
22 
фа 
= 
e 
ф 
5 





TLV's of 5 ppm for EM, EE and ther acetate derivatives 
established by the American Conference of Governmental 
Industrial Hygienists (ACGIH) in May 1984. Several glycol ether 
producers are recommending 2-5 ppm on EM and 5 ppm on EE 
and EEA. The ANPR could result in more severe restrictions. 
There is no standard established by ACGIH for PMA. Based ona 
comparison with PM TLV. a comfort leve! of 100 ppm would be 
recommended for PMA. For detailed information as lor our toxicity 
bulletin or produc! MSDS 





ARCOSOLV елен” Адиайс р 
ДИНАН ЕТТЕ ИНИН НЕ 


























GLYCOL | DAPHNIA FATHEAD | RAINBOW | GUPPY | GOLDFISH бега 
ЕТНЕВ MAGNA MINNOW TROUT EEL ' 
20,800 | мр N/D ND | ND | 
x ыбы і 
PE N/D N/D N/D ND | ND | „5.000! 
мо | 3420 | ND N/D N/D ND | 
N/D N/D 560 N/D | »5.000; 
ND | »1000 | ND N/D N/D 
i 280 N/D N/D N/D N/D 
| ОРМ | 1919 | | 1919 | ND | >10,000 | N/D N/D N/D N/D 





DPNB | »1.000 D N/D мо | ви | мо N/D 

>10,000 Spe N/D wo | wo | NO 
TPNB | 21000 N/D N/D 4 | ND | мр! 
таја № | 16000 | 17,400 | >5,000 | мо 


мо | 10000 | ND | ND | 16,400 >5.000 N/D 
ЕВ__ | 835 1490 - 2,137 N/D 983 _ 2170. ND. 
N/D - No Data Located 
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AQUIRE, 1994. Online environmental data base available through the Chemical 
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U.S. Fish and Wildlife Services, Research Information Bulletin No. 84-78. August, 1984. 


Verschueren, K. 1983. ‘Handbook of Environmental Data on Organic Chemicals, Second 
Edition. Van Nostrand Reinhold, NY. 












28-Day BODs for Glycol Ethers 





Bivuegradation of selected propylene glycol 
ethers after 28 days incubation. Test performed in the 
same laboratory, with pre-acclimated inoculum, using 
the same dose (3.75 mg/). (continued) 
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Table 11.64: (continued) 










Embryo/Fetal 
Toxicity 













TOXICOLOGICAL 
ENDPOINTS TABLE 





NOAEL | LOAEL | NOAEL | LOAEL 













3,000 
N/D 
3,000 






3,000 
1,000 
5,000 






1,000 
N/D 
370 


3,000 
N/D 
740 


Inhalation (ppm) 








Dermal (mg/kg/d) 
Oral (mg/kg/d) 















Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 






Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 






Inhalation (ppm) 
Dermat (mg/kg/d) 
Oral (mg/kg/d) 


beta- 
PMA 











Inhalation (ppm) 2,000 NLI 2,000 NLF 
Dermal (mg/kg/d) | N/D N/D N/D | N/D 
Oral (mg/kg/d) N/D N/D N/D 









N/D N/D N/D | N/D 1,176 
N/D N/D N/D | N/D | N/D 
N/D N/D N/D į N/D N/D 


Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 







1,524 NLF 755 NLF 600 
N/D N/D N/D | N/D | N/D 
N/D N/D N/D N/D N/D 


Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 










N/D N/D N/D мр 700 
N/D N/D N/D | N/D | 1,140 
N/D N/D N/D | N/D 1,000 


Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 







990 NLF 990 NLF 709 
N/D N/D N/D | N/D N/D 
N/D N/D N/D N/D N/D 


Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 







N/D N/D N/D |} N/D | N/D 
N/D N/D N/D | N/D | 1,000 


Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 







Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 






4 
„јаја ја ара и а а 





Testicular 
Toxicity 








NNF 1,800 N/D 


300 2,000 2,000 
N/D N/D N/D 
-1,800 NLF | -1,800 





1,000 





Blood Thymic 
Damage Atrophy 


NOAEL | LOAEL | NOAEL | LOAEL | NOAEL| LOAEL 





3,000 
1,000 
3,000 









3,000 
1,000 
3,000 

























N/D N/D N/D 
N/D N/D N/D 








3,000 
N/D 
N/D 









2800 
N/D 
N/D 

































1,176 
N/D 
N/D 








600 
N/D 
N/D 








700 
1,140 
1,000 







300 
-5,000 
1.000 
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Table 11.64: (continued) 
























Birth Embryo/Fetai Testicular Blood Thymic 
TOXICOLOGICAL Defects Toxicity Toxicity Damage Atrophy 
ENDPOINTS TABLE | 
(continued) NOAEL | LOAEL| NOAEL | LOAEL | NOAEL | LOAEL | NOAEL | LOAEL | NOAEL! LOAEL 









N/D 
N/D 
1,000 


N/D 
N/D 
1,000 


N/D 
N/D 
1,000 



















Inhalation (ppm) 
Denial (mg/kg/d) 
Oral (mg/kg/d) 






Inhalation (ppm) N/D N/D N/D МО 
Dermal (mg/kg/d) |] N/D N/D N/D į N/D 
Oral (mg/kg/d) N/D | ND | N | мл 




















N/D 
910 
N/D 


N/D 
910 
1,000 


N/D 
910 
1,000 


N/D 
910 
1,000 


Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 
































Inhalation (ppin) 


Dermal (mg/kg/d) 






Oral (mg/kg/ó? 







Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 






TPM 







Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 

















N/D 
N/D 
1,000 


Inhalation (ppm) 
Dermal (mg.kg/d) 
Oral (mg/kg/d) 










Inhalation (ppm) 
Dermal (ing/kg/d) 
Oral (mg/kg/d) 


N/D 
100 









Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 









~250 
1.000 








Inhalation (ppm) 
Dermal (mg/kg/d) 
Oral (mg/kg/d) 






N/D = No Data *.NNF = No NOAEL Found (Lowest dose tested caused the effect) e NLF = No LOAEL Found (Highest dose tested did not cause the effect) 
У Kidney toxicity was reported at lower doses. 


Table 11.65:DOWANOL Miscibility, Solubility, Evaporation Rates, Vapor Pressure, Density, Surface Tension and Other Data (23) 


Liquids Miscible With DOWANOL Glyco! Ethers 





Acetaldehyde 

Acatic Acid (Glacial) 

Acetic Anhydride 

Acetone 

Acetylene Tetrabromide 

Acrylonitrile! 

Allyl Alcohol! 

Amyi Alcohol 

tert-Amyl Alcohol! 

Amyl Acetate 

Aniline 

Benzaldehyde 

Benzene 

Benzyl Alcohol 

n-Butyl Acetate 

n-Butyl Alcohol 

n-Butyl Lactate! 

Butyl Oleate! 

n-Butyraldehyde 

Carbon Bisulfide 

Carbon Tetrachloride 

Castor Oil 

Chloroform 

CHLORDTHENE* solvent 

Сусіопехапої 

Сусіопехапопе! 

Сусіопехепе 

Dehydrated Castor Oil 
9-11 Acids! 


Diacetone Alcohol! 
Dibutoxy Ethyl Phthalate! 
Dibutyl Phthalate 

Dibuty! Sebacate! 
o-Dichlorobenzene 
Dichloroethyl Ether 
Oichioroisopropyl Ether! 
Diethanolamine 

Didecyl Phthalate! 
Diethyl Ether 

Diethylene Glycol 
Di-2-Ethyihexy! Phthalate! 
Di-2-Fthylhexyl Sebacate'! 
Diisoctyi Phthalate! 
Dimethoxy Ethy! Phthalate! 
p-Dioxane 

Diphenyt Oxide 
Dipropytene Glycol 
Ethanol (95%) 

Ethyl Acetate 

Ethy! Benzene! 

Ethyl Bromide! 

Ethylene Chiorohydrin' 
Ethylene Dibromide 
Ethylene Dichloride 
Ethylene Glycol 
Ethylidene Dichioride' 
Ethyl Lactate! 


Рупига! 

isopropanol 
isopropylbenzene (Cumene) 
isopropyl Chloride! 

Lactic Acid 85% 
Methanol 

Methyl! Сусіопехапої! 
Methyl €thy! Ketone 
Methyl tsobuty! Ketone 
Methy! Salicylate 
Methylene Bromide 
Methylene Chlorobromide' 
Methylene Chioride 
Monochlorobenzene 
Monoethanolamine 
Monoisopropanolamine 
Morpholine 

Nitrobenzene 

Nitroethane! 
Nitromethane 

Octyl Aicohol 

Oleic Acid 

Paraldehyde 
Pentachlorodiphenyl Oxide! 
Perchloroethylene 
Phenethy! Acetate! 
Phenethy! Alcohol! 
Phenetole! 





Phenyl Acetate 

Phosphoric Acid (Conc.) 
Pine Oil 

Piperidine! 

Polyethylene Glycol 400! 
Polyethylene Glycol 600! 
Polypropylene Glycol 400! 
Polypropylene Glycol 750! 
Polypropylene Glycol 1200! 


.n-Propanol 


Propylene Oichloride 
Propylene Glycol 
Pyridine! 

Ricinoleic Acid! 

Styrene N-99! 

Styrene Oxide’ 
Tetrachtoroethane 
Tetrahydrofurfury! Alcoho! 
Toluene 

Trichloroethyiene 

1,1, 1-Trichloroethane 
Tricresyl Phosphate! 
Triethanolamine 
Triethylene Glycol 
Trimethylene Chtorobromide' 
Tripropylene Glycol 

Tali Oi! 

Xylene 


п MÀ À——À—À 
‘The solubility of thase products has not been determined for DOWANOL EPh, DALPAO A. and DOWANOL PPh 
“Trademark of The Dow Chemical Company 


Solubility Limits of Various Liquids in DOWANOL Glycol Ethers! (mi /100 mi) 


COMPOUND | PM | DPM | TPM | PPh | ев | ов | тн | ом | тмн | ЕР 


n-Butyl stearate 


— ЕНТІГЕ 
— HENNERERESERESERESERESE 
T  CENNERERERESERESESES EIE 
sa 
= к ore ar 
aa e 
Formamide (37-38% stabilized) Pe |= fe | | - | „ |- | |-| x 
on ЕК ЕЕК 
— СС terete 
Hexane 12 


Hydrochloric acid {conc.} 
Kerosene 

Linseed oi! (boiled) 
Lemon oit 

Mathy! cyciohexane 
Oiticica oil 

Olive oil 

Peanut oil 

Safflower oil 
Soybean oil 
Turpentine 

Tung oil 


Water 


2.3 


* Solubility dala refer only to room temperature For many QOWANOL glycol ether products, solubility is very dependent on temperature. 


? Above 48 mi solute: smailer quantities give ћагу solutions. 
3 Above 80 mi sciute; smailer quantities give hazy solutions. 
4 Above 66 mi solute: smaller quantities give hazy solutions. 
5 Above 20 mi solute: smaller quantities give hazy solutions. 


(continued) 
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Table 11.65: (continued) 


Solubility of Various Soaps in DOWANOL Glycol Ethers? (g/100 0) 


COMPOUND 


Monoethanolamine laurate 
Monoethanolamine oleate 
Monoethanolamine stearate 
Diethanolamine laurate 
Diethanolamine oleate 
Diethanolamine stearate 
Triethanolamine laurate 
Triethanolamine oleate 
Triethanolamine stearate 
Monoisopropanolamine laurate 
Monoisopropanolamine oleate 
Monoisopropanolamine stearate 
Monoethanolamine tail oil 
Triethanotamine tail oil 

Mixed Isopropanotamine tall oil 
Potassium oleate 


Sodium oleate 


| PM | DPM | TPM | PPh | EB | DB | DM 
КЛЕЧЕНЕЛЕЛЕНЕКО 
IET m 
|" јаје 


~ 
AB 
n 


< < 


>100 


V 
ә 
eS 
_ 
e 
E 
e 


— 


x 
& 


1 


ый 
3 


В 
со 
~ 
со 
e 


и 
© 
© 
А 
в 
x. 
© 
и 
3 
КА 
сә 
e 
А 
= 
e 


V У 
— оөз ~, —— 


ВВ 
> 
© 

А 


ss И на 


V 

— 
о 
© 


V 
ез 
Ж 
© 
x 
© 
В 
с 
e 
V 
= 
x 
© — 


>100 | >100 | >100 | >100 | >100 | >100 | >100 
>100 | >100 | >100 | >100 | >100 | >100 | >100 
>100 >100 >100 | >100 


< 


V 
—À 
— с 
e 


^ 
V 
& 


Glycol Ethers 


EPh 
3 


>100 
«1 
2100 
2100 
38 
80 
2100 
27 
22100 
2100 
<1 
>100 
>100 
>100 


— 


! The solubilities of the various soaps in the DOWANOL glycol ether products were determined by the following method. The various substances were added by weight 
to 25g of DOWANOL glycol ether. the samples were than shaken machanicatly for 15 hours. 


All solubility studies were carried out at room temperature. Solubility was determined on basis of a true solution. 
Solubility in all cases is reported as grams dissoived in 100g of DOWANOL glyco! ether. 





COMPOUNO 
Acrylic Acryloid! B-66 
Acryloid B-72 
Acryloid B-82 
Elvacite? 2010 
Epoxy D.E.R.* 651 
D.E.R. 657 


Melamine Cymel? 303 


~ 


|зосуапа!е Desmodur* N100 
Nitrocellulose R.S % sec 
R.S. 'A sec 
Alkyd Cargiil 5710 
Polyester Cargili 5781 
Chempol 11-2339 
Cellulosic CAP-482-0.5 


CAB-381-2 
Phenoxy UCAR* PKHC 
Vinyl UCAR VYHH 


t METHOD: Solubility observations were made after 0.5 д resin 
and 4.5 mi solvent were agitated for 24 hours. 


* Trademark of The Dow Chemical Company 

! Actyloid Trademark of Rohm & Haas Company 

2 Elvacite Trademark of E.| DuPont de Nemours & Company 
3 Cymel Trademark of American Cyanamid Company 

4 Desmodur Trademark of Farbentabriken Bayer AG 

5 Chempol Trademark of Freeman Chemical Corporation 

5 UCAR Trademark of Union Carbide Corporation 

? Soluble, but not recommended for use 


~ 


Resin Sotubility* 
TPM 


ЕВ 


ВВ 
ВВ 


Soluble 

Partially solubie, some un- 

dissolved gel particles 

В Partially soluble, many un- 
dissotved get parlicies 

© Insoluble 


» 
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Table 11.65: (continued) 


Coupling Abilities of DOWANOL Glycol Ethers and Alcohols 


Composition of Titrant, Volume % 


г Готие Гои Гава ||“ a 
Lu Im. рН 
Lou 5 на бань ин 





| | Геј | | о | | Lv 
9| | [ j| j| |o ~ | os 
| | | | | з | | JL. a 
___ _ || | (ро | "_| = 
| fat | | » | | | мг 
8| | [| | | Р І | зо | о 
ор | 2 | [| (| о | J| 
_ | у || | е | | в» 
Чч ШЕ 
ој | | | | о р | | ва 
5) | | | Р | Р | з | % 
Lope] [o | | | | f 
_| | || ј | | | | 7e 
еј | || | | г | р = 
о | | | | | | __| __| 9e 
[5| | | || 85 | | Ý Jf 
юр | | | "__| жг 
юр тон 
| |] Lo Lope] [|] f | æ 
! Milliliters of product required to titrate 10 ml of mineral spirits and 10 ml of water to a clear homogeneous solution at 25°C. 
Evaporation Rates of DOWANOL Products 
DOWANOL (BuAc — 1.00)! DOWANOL (BuAc = 1.00) 
PM 0.71 BC-300 0.21 
DPM 0.02 EB 0.08 
TPM <0.01 08 0.003 
РМА 0.34 TBH « «0.01 
DPMA «0.01 ом 0.02 
PPh <0.01 TMH <<0.01 
BC-100 | 0.60 ЕРЋ <0.01 
BC-200 | 0.25 DALPAD A «0.01 





1Chemists use the evaporation rate of butyl acetate as the standard for determining evaporation rates of solvents. Buty! acetate has an arbitrary value of 1.00 
All solvents evaporating faster than butyl acetate have a number higher than 1.00. Those evaporating more slowly have evaporation rates lower than t 00. Ali glycol 
ethers evaporate more slowly than butyt acetate. 


(continued) 
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(continued) 
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Evaporation Rates of DOWANOL Products 


High Evaporation Rate 


% Evaporated 


100 


80 


20 





Hours 


—^— DOWANOL PM —ж— DOWANOL BC-300 
—e—  DOWANOL BC-100 —=>— ООМАЮОІ EB 
—s*—  DOWANOL BC-200 —©— DOWANOL OPM 


—@— DOWANOL PMA 


Low Evaporation Rate 
100 


40 


20 


0 
0 
—ér-- DOWANOL DPM —9— 
--а- DOWANOL DM —$— 
--ы-- | DOWANOL ОРМА —M— 





25 50 
DOWANOL DB Hours 
DOWANOL TPM 
DOWANOL PPh 
DOWANOL €Ph 
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Table 11.65: (continued) 


Vapor Pressures of DOWANOL Products 


ЕЕ руб 
Ча ШЕН 


ИТ ГЫ иы 
ЕА E Ғы сі ла. ы 


А 


ti РАСТ 
ЕЗИНЕЛЕР ЖҰ Ита көн нен кш 


С Др 7 е а 


TU ра ЕЕ ре 
ы odes ee eo d 


Ар ри Etc 


Vapor Pressure, mm Hg 





-10 0 10 20 30 40 50 60 70 90 110 130 160 190 220 260 
Temperature (Cox Scale), °C 
A=DOWANOLEB B=DOWANOLDM  C-DOWANOLDB  D-DOWANOLPPh  E-DOWANOL EPh 


TE НН ВЕТО ринга 
HHA Ee 


ТЕН Р ния 
TOAZ EZZ Z - 


М ии 


Vapor Pressure, mm Hg 





AoA el] 
А ња | 


-10 0 10 20 30 40 50 60 70 90 110 130 160 190 220 
Temperature (Cox Scale), °C 
A-DOWANOLPM  B-DOWANOLPMA  C-DOWANOLOPM  D-DOWANOLOPMA  E- DOWANOL TPM 
(continued) 


Table 11.65: (continued) 


Density (g/cm?) of DOWANOL Products 


Density, g/cm? 


Temperature, °C 
—6— ООМАМДІ РМ 


——=—— DOWANOL OPM 
—e— DOWANOL PMA 
—4$—- DOWANOL DPMA 


Density, g/cm? 





-0 0 235 85 75 10 120 
--Ө-- DOWANOL ТРМ Temperature, % 
--ө--- OOWANOL DM 
—®— DOWANOL PPh 
—9—— DOQWANOL EPh 
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Kl 





LONI 
1.0 - > S | 3 SS 
КЕ 
„| ОК NE 
АЦ Г 
МЫ! 
TELLERS 


-20 0 25 50 75 100 120 
Temperature, °C 

—=— OOWANOL EB 
—e— OOWANOL 0B 
—e— OOWANOL TBH 
--а-- DDWANOL TMH 


— 
e 


Density, g/cm? 





Temperature, °C 


--ө--  DOWANOL 8C-100 
—P»—  00WANOL 8C-200 
—8—  DOWANOL BC-300 
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Table 11.65: (continued) 


Pounds /Gallon of DOWANOL Products 


> 





“а 
-20 0 25 50 75 100 120 
T | | 
—©—  DOWANOL PM emperature % --»-- DOWANOL EB Tempora = 
--е- DOWANOL ОРМ —e— — DOWANOL ОВ 
=—е2— DOWANOL PMA —@— DOWANOL TBH 
--Ф-- DOWANOL ОРМА —t—- DDWANOL TMH 





Temperature, °C 

—O— DOWANOL TPM —=— DOWANOL BC-100 Temperature, °C 
--9-- DOWANOL ОМ —>— DOWANOL BC-200 

—-=—— DOWANOL PPh —e—  DOWANOL BC-300 


—-9—- DOWANOL EPh 
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Table 11.65: (continued) 


Coefficients of Expansion of Liquid DOWANOL Products 











Coefficient of Expansian Coefficient of Expansion 
OOWANOL (рег °С) (per °F) 
PM 0.00100 | 0.00056 
ОРМ 0.00094 0.00052 
ТРМ і 0.00089 0.00049 
РМА 0.00097 0.00054 
ОРМА 0.00100 0.00056 
PPh 0.00086 0.00048 
8C-100 0.00100 0.00056 
ВС-200 0.00099 0 00055 
ЕВ 0.00086 0.00048 
08 0.00081 0.00045 
TBH 0.00079 0.00044 
OM 0.00091 0.00051 
TMH 0.00079 0.00044 
EPh 0.00086 0.00048 
DALPAD A 0.00086 ШЕ 0.00048 m 





Density (g/cm) of Aqueous Solutions of DOWANOL Products 





1.070 1.020 1.030 
1.060 1.010 1.020 
4--------- ООУАНОІ TBH 
1.050 DOWANOL TMH <== 1.000 1.010 44—— DOWANOL TPM 
1.040 .990 1.000 
& 1.030 G^ 980 c 99) 
; г. 
Е Е E: 
© 1.020 m 90 > 980 
N N e 
5 100 = 960 5 970 DOWANOL DPM 
5 «—— 00WANOL DM 5 Б 
51 000 2 950 є 960 
і Е = 
990 & мо 5 950 DOWANOL PM — 
980 930 DOWANOLEB  ——— > 940 
970 920 ‚930 
960 910 920 
950 900 90 
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 
Percent By Weight Glycol Ether Percent By Weight Glycol Ether Percent By Weight Glycol Ether 
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Table 11.65: (continued) 


Surface Tensions of Aqueous Solutions of DOWANOL Products 


80 


70 


«4——————  DOWANOL PM 


60 


50 
«4— DOWANOL OM 


40 


Җ-——— DOWANOL DPM 


30 


DOWANOL DB 


Surface Tension (Dynes/cm) at 25°C (77°F) 


20 OOWANOL PnP 


Surface Tension (Dynes/cm) at 25°C (77°F) 


DOWANOL OPnP 





0 20 40 60 80 
Volume % Glycol Ether in Water 


100 
Volume % Glycol Ether in Water 


Refractive Indices of Aqueous Solutions of DOWANOL Products 


1.44 1.44 
— —Ó 
143 143 MEM 
1.42 1.42 DOWANOL DB 
ООМАМО. ТМН => 
9 141 Ф 1.41 
© © 
м Ti 
2 1.40 = 1.40 
8 1.39 і 1.39 
" ba 
4d. DOWANOL EB 
1.37 1.37 
1.36 че DOWANOL OM 1.36 
1.35 1.35 
1.34 1.34 
0 20 40 60 80 100 0 20 40 60 80 100 
Percent By Weight Glycol Ether Percent By Weight Glycol Ether 





с 
о 


DOWANOL TMH 


© 


~ 
о 


с> 
о 


DOWANOL TBH 


~ 
e 


Surface Tension (Dynes/cm) at 25°C (77°F) 





0 20 40 60 80 100 


Volume % Glycol Ether in Water 


1.43 
1.42 
1.41 
1.40 
1.39 


1.38 


Index, Np at 25°C 


1.37 
1.36 
1.35 


1.34 





1.33 


4 
Percent By Weight Glycol Ether 


0 20 60 80 100 


(continued) 


Table 11.65: (continued) 


Hygroscopicity of DOWANOL Products at 21°C (70°F) and 77% Relative Humidity 


A 


Weight Percent Water 


Weight Percent Water 


10 


Ентуюпе СЈусој => 


DOWANOL OM 


DOWANOL PM 


@———— DOWANOL OPM 





Time, Hours 


Ethylene Glycol «=ni 


< OO0WANOL TPM 


DOWANOL PPh 





Time, Hours 


Weight Percent Water 


Weight Percent Water 


A- ООМАНОЕ Од 


DOWANOL EPh 


Time, Hours 


Ethylene Glycol > 
Ethy Ether Acetate 





Freezing Points of Aqueous Solutions of DOWANOL Products 


Temperature, °F 


Temperature, °F 





0 10 20 30 40 50 60 70 80 90 100 
Percent By Weight Glycol Ether 


A  DOWANOL TPM 


DOWANOL DPM 


-60 DOWANOL PM —————M——P» 


0 10 20 30 40 50 60 70 80 90 100 
Percent By Weight Glycol Ether 


(continued 


$4241 102410) 


256 


558 Industrial Solvents Handbook 


Table 11.65: (continued) 


Vapor-Liquid Equilibrium of DOWANOL Products & Water (760 mm Hg) 
100 +- 


90 
80 


70 


DOWANOL PH ———-> 


50 


40 


Percent by Weight DOWANOL Giycol Ether in Vapor Phase 


20 























10 
0 
0 10 20 39 40 50 60 70 80 90 
Percent by Weight DOWANOL Glycol Ether in Liquid Phase 
Azeotropes of DOWANOL Products 
Во ад Azeotropic Data 
Point °C at 
Composition 
760 mm Hg Boiting Point 
Component Data tor Pure °C at 760 mm На of Azeotrope 
Component A Component B Component for Azeotrope Wt. %A Wt. %B 
DOWANOL EB 
Water 98.8 20.8 79.2 
Bis (2-chtoroethyl) 
Ether 170.8 75 25 
Amyl Ether 169.0 67 33 
DOWANOL PM 120.1 
Water 100 98.3 51.5 48.5 
Toluene 110.7 106.5 30 70 
Rubber Swell Properties of DOWANOL Products 
| PM | DPM | ТМ | в | о | ом 
Natural Rubber бие!" а зз 
Average % Dimension Change 7 2 
Average % Volume Change 26 7 
Synthetic Rubber Swel? Lc ca 
in Length? 
Buna (GR-S) 8 12 12 20 11 1 
Butyl 6 9 7 15 7 -1 
Neoprene 10 20 22 24 28 7 
Change in Widtl? 
Buna (GR-S) 7 11 13 2b 14 4 
Вшу! 3 7 6 16 10 3 
Neoprene 10 22 22 24 2 9 
Change in Thickness? | 
Buna (GR-S} 10 11 49 23 
Butyl 10 4 3 19 
Neoprene 59 58 60 48 
Average % Yolume Change 
Buna (GR-S) 22 37 127 69 30 
Butyl 14 28 79 47 22 
Neoprene 72 133 147 178 73 


! Tests made in manner specified for hydraulic fluids by SAE 
(Lockhead Wagner FC-666-XO brake fiuid cups, 120 hours at 158*F.) 


2 Tests were carried out using cured rubber strips measuring approximately 2 x 1 x 0.1f inch, 120 hours at 158°. 
3 Average % dimension - 





100 
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Table 11.65: (continued) 


Heats of Combustion of DOWANOL Glycol 


Ethers 
DOWANOL 


PM 
DPM 
TPM 

ЕВ 

08 

DM 
EPh 


kcal/mole kcal/g 


Minimum Film Formation Temperature 


556 6.18 
961 6.49 
1,366 6.62 
848 7.18 
1,109 6.84 
670 5.58 
958 6.93 


BTU/tb 


11,115 
11,700 
11,900 
12,915 
12,300 
10,043 
12,500 


(MFFT) — Coalescent Efficiency 


Temperature, F 


RHOPLEX* WL — 91 





0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
Wt. % Coalescent Relative to Latex Solids 


Glycol Ethers 559 


Observed Evaporation Rates For 
DOWANOL EB, DB, PPh, EPh or DALPAD A 


Wt. % Evaporated 


1 Trademark of Rohm & Haas Company | 
2 2, 2, 4-trimethyl-1, 3-pentanediol monoisobutyirate 
3 Ethylene glycol mono-2-ethyihexy! ether 


Coupling Abilities of DOWANOL Glycol Ethers and Alcohols’ 


8 





32.8 
34.2 











! Milliliters of product required to titrate 10 mi of mineral spirits and 10 mi of water to a cleat homogeneous solution at 25°C 
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Table 11.65: (continued) 


Properties and Performance of DOWANOL Glycol Ethers in Lacquers 


Viscosity of 8% 
nitrocellulose 
solutions in 
DOWANOL 
glycol ethers, 






DOWANOL 







PM 74.18 61 


DB 


No blush at 95% rel. hum. and 84°F after one hour 


Dilution 
Biush Conditions! Ratios 


Blush Conditions No Blush Conditions 


centistokes | % Relative | Temperature | % Relative | Temperature 
Humidity | °F Humidity °F 


=== о 
“о T 


Kauri? 
Butanol 
Number 


Above 
500 


Above 
500 


Above 
500 


Above 
500 


Above 
500 


Above 
500 


! Blush resistance tests were carried out by spraying a solution of 92% OOWANOL glycol ether and 8% nitrocellulose on a 6” x 24" glass plate from a distance of eight 


inches, 30-40 pounds air pressure was used and 30 minutes drying time allowed. 


? Difution ratios were determined by dissolving 2 g of dried nitrocellulose in 20 ml of DOWANOL glycoi ether and adding toiuene or naphtha until the nitroceilulose 


precipitated. The volume of toluene or naphtha required divided by 20 was taken as the dilution ratio. 


3 Kauri 8utanol numbers are determined by adding the material being checked to 20 ml of Kauri Butanol reagent until 10 point type can no longer be read through the 
solution. The number of ml of material required to reach the endpoint is recorded as the Kauri Butanol number. With all DOWANOL glyco! ether products tested, 500 mt 


were added to the reagent without the endpoint being reached. 
4 OOWANOL DM glyco! ether seemed to be quite deliquescent. 


Solubility of Resins in DOWANOL Products 
Resin Solubilityt 


COMPOUND | PM | ОРМ | TPM | PMA | DPMA| PPh | EB | DB | OM | EPh 
пе [ее | 
о РРО 


ова [= | |] e 


еа __| • | • | = | • | „ | « | о | о | • | 
РИБ | • • | • • |• |• |• |• |. | 

СЕВ. 657 ея : 
Melamine Cymel? 303 ЖЕЖЕКЗЕНІЕГНЕНЕЕҮЕНЕН 


Nitroceliulose R.S % sec 


R.S. ' sec D * 


ШІСІ КЕКЕКЕКИЕНЕНЕНЕНЕНЕ 





Ромен сащ | • | • | • |• |• | • • |•|• 
стопа | о | • | • | • | • | • | • | 


Cellulosic CAP-482-0.5 


come e 


Phenoxy UCAR? PKHC 


Vinyl UCAR VYHH о C 


t METHOD: Sotubility observations were made after 0.5 g resin 9 Soluble 
and 1.5 mi solvent were agitated for 24 hours. *  Partially soluble, some un- 
dissolved gel particles 
@ Partially soluble, many un- 
dissolved gel particles 
© Insoluble 
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Table 11.65: (continued) 


Glycol Ethers 


DOWANOL Glycol Ethers Used in Cleaning Formulations 


CLEANER 


Househoid/!ndustriat Cleaners 
Glass Cleaners 


Liquid Soaps 
Dry Cleaning Soaps 
Rug Cleaners 
Spotting Fluids 
Phosphoric Acid Rust Removers 
Aluminum Brighteners 
Metal Cleaners 
Carbon and Grease Removers 


Paint/Varnish/ 
Silicone Removers 


Ink Removers 
Hard Surface Cleaners 
Oven Cleaners 
Penetrating Dils 


White Wall Tire Cleaners 


Disinfectants/Germicides 


DOWANOL Glycol Ether 
E-Series 


| 
Рм [opm | ТРИ Ре | єв | ов | DM | е 





реја ои пивари и nt ааа рат а а 








a A er iE SS SS TS 


DOWANOL Glycol Ethers Acceptable as Inert Ingredients in Pesticide Formulations 40 CFR 180.1001, (d) & (e) 





Solvent, co-solvent. 


Deactivator for formulations used before crop emerges from soil: stabilizer. 


Inert Ingredient Uses 

(d) Pesticide formulations applied to growing crops only: 
DOWANOL PM Solvent. 

DOWANDL DPM Stabilizer. 

DOWANOL EB 

DOWANOL 08 

DOWANOL DM 


(в) Pesticide formulations applied to animals: 


DOWANOL PM 
DOWANOL DPM 


Evaporation Rate Program Plot Format 


CHEMCOMP: Evaporation Rate Program 
100 





0 20 40 60 80 
% Evaporated 


Deactivator, emollient. 


Surfactants, related adjuvants of surfactants. 


Typical Printout from Flash Point Estimator 
CHEMCOMP: Flash Point Estimator 


Binary Flash Point Curve 
165 


2 


Mixture Flashpoint, "Р 


Solvent A/ Water 


105 


90 
0 10 20 0 40 50 60 70 80 90 100 
Concentration of Solvent A (WI. 94) 
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Table 11.65: (continued) 


Typical Printout of Evaporation Rate Program 
DOW CHEMICAL U.S.A. SOLVENT EVAPORATION RATE PROGRAM 
CASE 1 —- SOLVENTS AND COMPOSITIONS 


CODE SOLVENT NAME WEIGHT% VOLUME% 


COST 
($/LB) 
0.699509 


0.076770 
0.439783 97. 
WATER 0.314038 





ESTIMATED PROPERTIES FOR THE INITIAL BLEND 


DENSITY AT 25°C, G/CC 0.888 
CLOSED CUP FLASH POINT, °F 103. 
SOLUBILITY PARAMETER, SQRT (CAL/CC) 10.4 
HYDROGEN BONDING, RELATIVE TO ISOOCTANE = 0 16.4 
DIPOLE MOMENT, DEBYE 1.7 

90% EVAPORATION TIME, SECONDS 3910.42 
RATE RELATIVE TO NBAC AT 90% EVAPORATED 0.119657 


DATA SUMMARY ~ INITIAL AND AIR TEMP = 25.00°C, REL HUMIDITY = 60.00% 


0.35% OF SOLVENT LOST DURING SAMPLE INJECTION TIME OF 8.00 SECONDS 


WT% EB | 6 | 38 38.46 47.08 60.89 83.44 89.97 


WT% PM 49.69 39.75 ЕСТИ 


SELECT PLOT OPTION 


1 = NO MORE PLOTS 2 = LINE PRINTER PLOTS 3 = PEN PLOTS | 
(continued) 


Table 11.65: (continued) 


Typical Printout of Solvent Blend Program 
The calculated values for this solvent blend are: 


• Solubility Parameter ............ 8.74 
e Hydrogen Bonding Parameter .... 5.62 
¢ Dipole Moment ................ 1.08 


Limits chosen for search are as follows: 


¢ Solubility Parameter ............ 8.60 to 8.88 - 


• Hydrogen Bonding Parameter ....5.50 to 5.80 
¢ Dipole Moment ................ 0.95 to 1.50 


Glycol Ethers 


You have specified 111 solvents to be included in the search for a blend containing 3 components, one of 


which is PMA. 


SOLV. #3 


BLEND н, DIPOLE SOLV. #1 
# BOND. MOMENT WT% WT% 


Рен ет 
ва | за | за | паж | кан | низ 


FOUND 100 BLENDS THAT MEET LIMITS OUT OF 119,308 CHECKED. 


Typical Printout of VOC Program Calculations 


VOC Calculations 

FORMULATION: Epoxy Modified Acrylic 
COMMENTS: Bake Schedule: 350°F, 10 Min. 
TYPE OF CALCULATIONS: Dispersion 


MATERIAL LB/GAL 


DENSITY |... FORMULA — | — SOLDS — — voc 
te | ех | 


ими GAL 


TITANIUM DIOXIDE 
ACRYLOID! AT-400 
METHYL AMYL KETONE 
RESIN SOLID 

DER* 661 EPOXY RESIN 
RESIN SOLID 
DOWANOL PM 
DOWANOL DPM 
CYMEL? 370 
ISO-BUTANOL 

RESIN SOLID 


Totals 


VOC = 2.74 LB/GAL 


мл | 5 | 25 | 65 | 25 | — | - 


328.25 G/L 


* Trademark of The Dow Chemical Company 


! Trademark of Rohm & Haas Company 


2 Trademark of American Cyanamid Company 


3.70 
0.85 


0.68 


7.57 
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Table 11.65: (continued) 


WL% Evaporated 


Surface Tension, Dynes/cm @ 25°C 


Surface Tension, Dynes/cm (à 25'C 
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Observed Evaporation Rates of DOWANOL Glycol Ethers 








[ES 
qv о» 
Фу 
> Q pM 
Ау a орав? 
& 
pre 
DB 
TPM 
4 6 8 10 
Time in Hours 
Surface Tension 
DPM 
DB 
EB 
PnB | 
DPnB 
1 2 3 4 5 6 
Wt.% DOWANOL Glycol Ether 
Surface Tension of Blends 
Sy PnB/DPM 
Ы— y EP 
ДА Е ОРПВОРМ 
PnB/PM 
| 2 3 4 5 6 


Wt.% DOWANOL Glycol Ether (continued) 


Table 11.65: (continued) 


Coupling Performance! of DOWANOL Glycol! Ethers 


(Corn Oil and Water) 
9:1 PnB/DPM 72.3 
9:1 PnB/PM 75.5 
PnB 84.2 
EB 108.0 
ІЛ РАВОРМ М) 1108.4 
1:1 DPnB/DPM 115.0 
(ЕРАВРМ( 1120.0 
ОВ 123.3 
ОРпВ 163.4 
ОРМ 210.0 
РМ 210.0 
50 150 250 
mi of Glycol Ether 


Volume of glycol ether required to titrate 10mi of corn oil and 10m of water to a homogeneous solution at 25°C, 


Coupling Performancet of DOWANOL Glycol Ethers 


(Soybean Oil and Water) 
9:1 PnB/DPM 70.5 
9:1 PnB/PM 71.6 
PnB 88.5 
СТ РОВОРМ | |077 
ЕВ 118.5 
1:1 DPnB/DPM 119.0 
11 РаВРМ | ]120.0 
ОРаВ 125.5 
DB 135.5 
DPM 210.0 
PM 210.0 
50 1150 250 
mi of Glycol Ether 


TVolume of glycol ether required to titrate 10m] of soybean oi! and 10ml of water to a homogeneous solution at 25°C. 


Coupilng Performancet (Mineral Spirits and Water) 


200 
146.6 
і 126.2 
е 109 
Е 80.0 
59.4 
52.5 
42.5 
32.8 
0 
ЕВ ОВ РаВ 11 РАВОРМ DPM 1:1ОРаВ! ОРМ DPnB 


TVolume of solvent required to titrate 10m! of mineral spirits and 10m! of water at 25°C to obtain a 
homogeneous solution. 


Coupling Performancet (Mineral Spirits and Water) 


150 


mi to couple 





1:1 EB/s-BuOH 1:1:2 PnB/DPM/s-BuOH s-BuOH DPM PnB 
TVolume of solvent required to titrate 10ml of mineral spirits and 10mi of water at 25°C to obtain а 
solution. 


(continued) 
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Table 11.65: (continued) 


Wt.% Coalescent Relative to Latex Solids 


35 


30 


25 


20 


10 


Percent Coalescent Needed To Achieve a 50°F MFFT in 
Rhopiex WL-91 


36.5 


32.2 


29.2 


24.3 


20.0 


17.2 


EPh PPh DPnB ТРІВТ ЕВ ОВ РаВ 


TTexanol ester alcohol. Texanol is a trademark of Eastman Chemical. 


Wt% Coalescent Relative to Latex Solids 


16 


Percent Coalescent Needed To Achieve a 50°F MFFT in 
Јопсгу! 537 


11.8 


8.6 


7.7 7.7 7.7 7.7 


PPh TPIB DB DPnB EPh EB PnB 


40 


Sward Hardness Rocker Number X2 


[]1HR 


23 6 HR 











Hardness Development Rate (Using Rhoplex WL-91) 
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Table 11.65: (continued) 


Accelerated Aging Study (at Room Temperature) 


Resin A Concentrate 


20000 


15000 


PnB/DPM 


EB/s-BuOH DPM/s-BuOH 





Accelerated Aging Study (at 120°F) 


Resin A Concentrate 
20000 


10000 








Viscosity, cps 


DPM/s-BuOH 


PnB/DPM 





“* EB/s-BuOH 


Molecular Weight Distribution (Resin A Concentrate) 


EB/s-BuOH Concentrate 


Weight Fraction Polymer 


Aged @ Room Temp. 





Log (Molecular Weight) 


Glycol Ethers 567 

Resin B Concentrate 

20000 

15000 

10000 

PnB/DPM 

5 ‘i | 

5000 EB/s-BuOH 


i = 










0 - 
0 1 2 3 4 5 6 7 
Week 
Resin B Concentrate 
20000 
o 
а. 
о 
~ PnB/DPM 
= 10000 | 
о 
о 
‚2 
> 
DPM/s-BuOH 
0 EB/s-BuOH 
0 1 2 3 4 5 6 7 
Week 
PnB/DPM Concentrate 
Е 
о 
2. < 
= Aged @ Room Temp. 
5 Aged @ 120°F 
ù 
E 
е 
Ф 
= 


Log (Molecular Weight) 
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Table 11.65: (continued) 
Comparative Metabolism and Disposition of Ethylene Glycol 
Methyl Ether and DOWANOL PM Propylene Glycol Methyl Ether 
EGME' 
CH4-0-CH.-CH- 0H 


\ Alcohol 


EGME Conjugate Dehydrogenase 


CH,-0-CH,-COOH 


Methoxy Acetic Acid 
CO, 
Expired Air Urine 
(10-20%) (50-60%) 
РОМЕ? 
СН, 
| 
ОН;-0-СН;-СН-0Н 
Microsomal 
O-Demethylase 
PGME Gluc 
PGME-SO, CH, 
| 
НО-СН.-СН-ОН 
Propylene Glycol 
CQ, 
Urine 
ПРЕМА Expired Air 


| Propylene glyco! methy! eth tat 
грон уе me i (50-60%) 


Metabolism and Disposition of DOWANOL PMA Propylene Glycol 
Methy! Ether Acetate 


PGMEA' 


CH, 0 
|| 
CH,0CH,CHOCCH, 


Carboxyl esterase 
PGME? 


CH, 
| 
CH,OCH,CHOH 


Am \ 


ionide | Propylene 
Conjugate} Glycol 


Sulfate 
Conjugate / CO, 
| \ 


Unne Expired 
(10-20%) air 
(50-6096) 


! Propylene glyco! methyl ether acetate 
? Propylene glyco! methy! ether 


yooqpubgp sjuaajos ]oigsnpu] 8995 


Table 11.65: (continued) 


Type of Study 


Propylene Glycol Monomethyi Ether (PM) 


90-day subchronic inhalation study 


Inhalation teratology studies 


Glycol Ether Toxicity Summary 


Exposure 
Level 


Rats 
Rabbits 


3000 ppm 


1000 ppm 


Rats 3000 ppm 


1500 ppm 


Rabbits 3000 ppm 


Dipropylene Glycol Monomethy! Ether (DPM) 


90-day subchronic inhalation study 


Inhalation teratology study 


4-week dermal study 


Rats 
Rabbits 





Rats 300 ppm 
Rabbits 150 ppm 
50 ppm 


Rats 1000 mg/kg 
100 mg/kg 


Tripropyiene Glycol Monomethyi Ether (TPM) 


Dermal 90-day subchronic study 


Inhalation teratology study 


Rabbits 10 mi/kg 
4 mi/kg 
3 ml/kg 


1 mi/kg 


Aerosols of 
1.0 mg/L 
0.3 mg/L 
0.1 mg/L 


Propylene Giycol Monomethyl Ether Acetate (PMA) 


Inhalation 9-day subacute study 


Inhalation teratology study 


Rats 
Mice 


3000 ppm 
1000 ppm 
300 ppm 


Rats 


4000 ppm 


400 ppm 


Dipropylene Giycol Monomethyl Ether Acetate (DPMA) 


No subchronic, teratogenicity, or reproductive studies have been conducted. However, this compound 15 likely to rapidly and 
completely convert to dipropylene glycol monomethy! ether after absorption into the body. Thus, its systemic toxicity would be 
expected to be similar to dipropylene glycol monomethyl ether. 


Propylene Glycol n-Butyl Ether (PnB) 





13-week subchronic dermal study 





Rabbits 2 туко/дау 
of 57% soln. 
5.7% soln. 


0.57% soln. 






1500 ppm 














Glycol Ethers 569 


Effects 


CNS depression and slight 
liver weight increase 


NOEL 


Materna! toxicity 

(slight CNS depression, 
decreased food consumption): 
slight fetotoxicity 


NOEL 


Maternal toxicity 
(decreased food consumption) 


NOEL 


No treatment-related 
effects at any level 


No treatment-related 
effects at any level 


No treatment-related 
effects 


Mortality at high dose; 
narcosis at lower doses; 
mild skin irritation 


Maternal toxicity at high dose; 
embryo/fetotoxicity 
and teratogenicity 


Mild, high-dose liver effects 
similar to those seen with 
DOWANOL PM; evidence 

of upper respiratory tract 
irritation in all exposures in 
mice and high exposure in rats 





Embryo/fetotoxity 

and teratogenicity ` 
NOEL=4000 ppm slight 
maternal toxicity 








Skin effects at alt levels: 
no systemic effects at 
any level 
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Table 11.65: (continued) 


Exposure 


Type of Study Species Level 
Propylene Glycol! n-Butyl Ether (PnB) 


13-week subchronic dermal study 


1 ml/kg/day 
(880 mg/kg/day) 
0.3 ml/kg/day 
0.1 ml/kg/day 


Rats 1000 mg/kg 
350 mg/kg 


100 mg/kg 


1 mi/kg/day 
0.3 ml/kg/day 
100 mg/kg/day 
40 mg/kg/day 


10 mg/kg/day 


13-week subchronic oral study 





Dermat teratology study 


Rabbits 


Dipropylene Glycol n-Butyl Ether (DPn8) 


13-week subchronic diet study 1000 mg/kg/day 





450 mg/kg/day 
200 mg/kg/day 


1 ml/kg/day 
0.3 ml/kg/day 


0.1 ml/kg/day 


1 ml/kg/day 
0.3 mi/kg/day 


13-week subchronic dermal study 


Dermal teratology study Rats 


0.1 ml/kg/day 






Propylene Glycol Monophenyl Ether (PPh) 
28-day subchronic derma study 





1000 mg/kg 
300 mg/kg 
100 mg/kg 






Ethylene Glycol Monobutyl Ether (EB) 


90-day subchronic inhalation study Rats 77 ppm 


25 ppm 


150 mg/kg 
50 mg/kg 


90-day subchronic dermal study Rabbits 


10 mg/kg 





300 ppm 


200 ppm 
100 ppm 


50 ppm 
200 ppm 
100 ppm 


Teratology studies 


Rabbits 


Diethylene Glyco! Mono-n-Butyl Ether (DB) 


Rats 2000 mg/kg | 


666 mg/kg 
200 mg/kg 


2000 mg/kg 
666 mg/kg 
200 mg/kg 


90-day subchronic dermal study 


90-day subchronic reproduction study Rats 





Effects 


Minor skin effects at all 
levels; no systemic effects 
at any level 


Increased liver and kidney 
weights at 1000 mg/kg 
NOEL=350 mg/kg 


No embryo/fetotoxicity or 
teratogenicity at any level! 


No embryo/fetotoxicity or 
teratogenicity at any level 


Slight effects to body weights, 
clinical chemistries, and liver 
weights 

Capacity changes; 

not considered toxic effects 


NOEL 
Skin effects; effects to body 


weights, food consumption, 
and liver weights 


Effects to body weights and 
food consumption 


NOEL for systemic effects 
Minor maternal skin effects 


at all levels; no embryo/fetotoxi- 
city or teratogenicity at any level 





No evidence of systemic toxicity 
(NOEL=1000 mg/kg); mild, tran- 
sient dermal irritation at all doses 





Blood effects 
NOEL 


No treatment-related 
effects at any level 


Maternal and embryo lethality 


Maternal toxicity, embryo 
toxicity, fetotoxicity 


NOEL 
Maternal toxicity, embryo toxicity 
NOEL 


Slight hemoglobinuria 


NOEL 


"Мо reproductive 
effects at any level 


(continued) 


Glycol Ethers 


Table 11.65: (continued) 


Exposure 
Level Effects 


Diethylene Glycol Mono-n-Buty! Ether (DB) 


Rabbits 1000 mg/kg NOEL for embryo toxicity 
and fetotoxicity 
2000 mg/kg NOEL 


Triethylene Glycol Mono-n-Buty! Ether and Higher Homologs (TBH) 


Type of Study 


Dermal teratology study 


90-day subchronic neurotoxicity study 


Note: Toxicity tests described below have been conducted only with triethylene glycol mono-n-butyl ether. 


Rabbits 1000 mg/kg Skin irritation; no systemic 
toxicity 
1000 mg/kg No treatment-related 
290 mg/kg effects 


Diethylene Glycol Monomethyl Ether (DM) 


90-day subchronic inhalation study 5 


Dermal teratology study Rabbits 750 ma/kg Maternal toxicity; slightly 
embryotoxic and fetotoxic 
250 mg/kg Slightly fetotoxic 
50 mg/kg NOEL 


Triethylene Glycol Monomethyl Ether and Higher Homologs (TMH) 


3-week dermal! study 


Oral developmental toxicity screen 


No treatment-related 
effects at any level 





Note: Toxicity tests described below have been conducted only with triethylene glycol monomethyl ether. 


571 


90-day oral subchronic study 4000 mg/kg NOEL for neurotoxicity 
1200 mg/kg 4000 mg/kg; NOEL for 
400 mg/kg systemic toxicity 400 mg/kg 
90-day dermal subchronic study 4000 mg/kg NOEL 4000 mg/kg 


Oral teratology study 


Oral teratology study 


Rabbits 


1200 mg/kg 
400 mg/kg 


5000 mg/kg 
2900 mg/kg 
1250 mg/kg 
625 mg/kg 


1500 mg/kg 
1000 mg/kg 
500 mg/kg 
250 mg/kg 








Slight variations in fetal 
skeletons at 1250 mg/kg; 
fetal NOAEL 1250 mg/kg 


Fetal NOAEL 1500 mg/kg 


Oral developmental neurotoxicity study 3000 mg/kg Neurotoxicity NOEL 
1650 mg/kg 1650 mg/kg; developmental 
300 mg/kg NOEL 300 mg/kg 


Ethylene Glycol Monophenyl Ether (EPh) 





90-day subchronic dermal study Rabbits 500 mg/kg Minor skin effects; no evidence 
150 mg/kg of systemic toxicity at any level 
50 mg/kg 
Dermal teratology study Rabbits 1000 mg/kg Maternal death at high dose, 
600 mg/kg maternal toxicity at 600 mg/kg; 
300 mg/kg no embryo/fetotoxicity or 
teratogenicity at any level 


2000 mg/kg Е No reproductive effects 


1000 mg/kg at any level 
500 mg/kg 


Oral 5-week reproduction study | 





NOEL: No Observed Effect Level 
NOAEL: No Observed Adverse Effect Level 
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Table 11.65: (continued) 


Exposure Guidelines for DOWANOL Giycol Ethers and Acetates 


Hygiene Guide 
E-Series 222224 
ЕВ Ethylene glycol n-butyl ether 25 ppm (skin) NE 


DB Diethylene glycol n-butyl ether 35 ppm 


OM Diethylene glyco! methyl ether о 30 ppm 
EPh Ethylene glycol phenyl ether б ш | M | 25 ppm (skin) 


Environmental Data for DOWANOL Products 


COD (part/part) BOD/theory 9o? 
ee Kni 10 days 20 дауз 


7 s 


! Theoretical Oxygen Demand (ThOO) calculated for complete oxidation to carbon dioxide and water. 
? Chemical Oxygen Oemand (COD) determined by oxidation with acidic dichromate. 


3 Biochemical Oxygen Demand (BOD) expressed as a percentage of Theoretical Oxygen Demand. A BOD 20 of >50% indicates the product will be largely removed in 
a biological wastewater treatment plant. A BOD 20 of 10-50% indicates it will be partially removed. 


Glycol Ethers 


Table 11.65: (continued) Food Additive Status of DOWANOL Glycol Ethers 


Depth (Inches) 





Regulation , 
Number 
(21 CFR) TPM EB DB EPh 
181.30 Substances used in the manufacture of paper 
and paperboard products used in food 
packaging (prior sanctioned food ingredients). 
176.300 Slimicides (for use in the manufacture of paper 
and paperboard). Adjuvant substances 
permitted to be used in the preparation of 
slimicides. 


176.210 Defoaming agents used in the manufacture 
of paper and paperboard. 


ЕС | 


178.1010 | Sanitizing solutions. Paragraph (a}(4): an 
aqueous solution containing iodine, butoxy 
monoether of mixed (ethylene-propylene) 
polyalkylene glycol having a cloud point of 
90°C-100°C in 0.5% aqueous solution and an 
average molecular weight of 3300, ethylene 
glycol monobuty! ether, and diethylene glycol 
monoethyl ether, together with components 
generally recognized as safe. 


176.180 Components of paper and paperboard in 
contact with dry food. 

177.1650 Polysulfide Polymer-Poiyepoxy resins. 
Paragraph (a)(3): for use as a solvent. 


173.315 Chemicals used in washing or to assist in the 
lye peeling of fruits and vegetables. Paragraph 
(a)(3): for use in flume water for washing sugar 
beets prior to the slicing operation (not to 
exceed 1 ppm in the flume water). 


NOTE: This information is for use as a genera! guideline. The regulations should be consulted for complete details. 


Determining the Amount of Contents of Partially Filled Drums 














Vertical Vertical 
Exe ај а 
50 
| | 45 
Horizontal 27 40 
20--55 2 35 
қ c x 
8 44100 3 $ 25 
2 12130 З ә 20 
= 10 Е 
& 8-20 8 15 
с 
; 10 = : 10 
24 5 24 5 
0 0 ds 
0 | 1 и ав Га 0 0 
0 10 20 30 40 50 
Remaining Gallons Remaining Gallons 


Product Shelf Life 


Lot Number Conditions of Deterioration 
Product/Shell Life System Temperature and Storage Characteristics 


DOWANOL PM, DPM, TPM, Standard Normal conditions — Store below 90°F. Lowering of pH — possible rise 
EB, DB, DM glycol ether Material is hygroscopic; should be in in color on prolonged 
products closed containers. standing. 
18 months - Drums Aluminum containers should be avoided. 

6 months - Bulk 
DOWANOL PPh, EPh Standard Store below 110°F. Develops yellow color. 
glyco! ether products Aluminum containers should be avoided. 


18 months — Drums 
6 months — Bulk 





Remaining Gallons 
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Table 11.66: GLYME Azeotropic Vapor Pressure and Solubility Data (27) 


PRESSURE—mm Hg 


PRESSURE—mm Hg 


AZEOTROPIC DATA 


MONOGLYME 
Boiling point at 760 mm Hg—76°C 
100 mm Hg—30°C 


б Ро, Ер 


te Му ical ЕЦ 


>) i 





PERCE NT WATER 


DIGLYME 
Boiling point at 760 mm Hg—99.5°C 
100 тт Hg—54°C 


Въ О 
РАСА О 

БЕК АЕ АН а Н. 
КГК ТТТ 
Е РР РА 
ELI ELSE DD p е 
А Й 4.14 1.4. 44 
—-H44-H-4H-44- 





PERCENT WATER 


PRESSURE —mm Hg 


PRESSURE —mm Hg 





L-LIL 


T6 та 84 ва 92 96 100 





ETHYL GLYME 
Boiling point at 760 mm Hg—90°C 
100 mm Hg—46°C 


О. 
225 230 23.5 240 245 250 25.5 


PERCENT WATER 


ETHYL DIGLYME 
Boiling point at 760 mm Hg—98°C 
100 mm Hg—54°C 
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"Buty! Diglyme, Triglyme, and Tetraglyme do not form azeotropes with water. 
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Table 11.66: (continued) 


The solubility of various plastic and elastomeric 
materials in glymes was determined by placing 10 grams 
of sample in 100ml of the glyme at 21°C. The samples 
were examined aller one weak. 

U — Unattected 

A-—Altacked (noticeable softening, some swelling 

8 — Soluble (10% or more: extreme swelling to 

gellation) 







PLASTICS 
Acrylate 
Acrylale ester 


Polymethyl methacrylate 














Vinyl 
Polyvinyl acelate 

Polyvinyl chionde 
Chiorinated polyvinyl chloride 
Palyvinyl chloride acetate 
Роіуміпуї аїсопої 
Polyvinybdene chloride 















Cellulose 
Cellulose acetate 
Cellulose acetate bulyrate 
Cellulose rulrale 










Mathyl cellulose 









Condensation Polymers 
Phenol formaldehyde. casi 
Nylon 
Polyester 

Polyurethane 

Polycarbonate 













Polyoletins 
Polyethylene 

Polystyrene 

Polyletratiuoroethylene 








ELASTOMERS 
Neoprene 

EVA 
Миге Rubber (NBR) 
Nalural Rubber 
EPDM 
SBR 
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Table 11.67: Union Carbide Glycol Ethers (19) 












































Product Family Order 

Vapor 

Formula Pressure, 
Molecular Boiling Freezing Flash mm Hg 
Solvent Weight Point, *C Point, °C Point, °F'?} at 20°C 
Methyl CELLOSOLVE Solvent 76.1 124.5 -85 103 6.2 
Methyl CARBITOL Solvent 120.2 194.0 -85 1889) 0.1 
Methoxytriglycol 164.2 249.0 -44 23819 « 0.01 
CELLOSOLVE Solvent 90.1 134.9 -90 108 4.1 
CARBITOL Solvent 134.2 201.6 -78< 182% 0.08 
Ethoxytriglycol 178.2 255.9 -19 255 < 0.01 | 
Propyl CELLOSOLVE Solvent 104.2 150.1 -90 1359 1.6 | 
Butyl CELLOSOLVE Solvent 118.2 171.2 -70 160%) 0.6 
Butyl CARBITOL Solvent 162.2 230.6 -68 214 0.01 
Butoxytriglycol 206.3 279.8) -48 2769) < 0.01 _ 
Hexyl CELLOSOLVE Solvent 146.2 208.1 -50 179 0.05 
Hexyl CARBITOL Solvent 190.3 259.1 -40 271% <0.01 | 
Boiling Point Order 
Methy! CELLOSOLVE Solvent 76.1 124.5 -85 103 6.2 | 
CELLOSOLVE Solvent 90.1 134.9 -90 108 4.1 
Propy! CELLOSOLVE Solvent 104.2 150.1 -90 135% 1.6 
Butyl CELLOSOLVE Soivent 118.2 171.2 -70 160 0.6 
Methyl CARBITOL Solvent 120.2 194.0 -85 18819 0.1 
CARBITOL Solvent 1342 201.6 -78'© 1829 0.08 
Hexyl CELLOSOLVE Soivent 146.2 208.1 -50 179 0.05 
Buty! CARBITOL Solvent 162.2 230.6 -68 214 0.01 
Methoxytriglycol 164.2 249.0 -44 238% < 0.01 
Ethoxytriglycol 178.2 255.9 -19 255 < 0.01 
Hexyl CARBITOL Solvent 190.3 259.1 -40 271% < 0.01 
Butoxytriglycol 206.3 279.89 48 2769) с 0.01 
Product Family Order | 
Solubility at Surface Tension 
Coefficient 20°C, % by wt Relative at 25°C, dynes/cm 
Specific Pounds of LLL ue ie ре Evaporation ен ванн зва 
Gravity, Per Expansion In Water Rate Neat 25% Aq. 
Solvent 20/20°C Gallon at 20°C Water In (nBuAc = 100) Product Solution) 
Methyl CELLOSOLVE Solvent 0.966 8.04 0.00094 100 100 62 32.1 54.3 
Methyl CARBITOL Solvent 1.023 8.51 0.00086 100 100 1.5 35.9 543 
Methoxytriglycol 1.050 8.74 0.00084 100 100 0.04 34.7 48.4 
CELLOSOLVE Solvent 0.931 7.74 0.00097 100 100 41 29.4 47. 
CARBITOL Solvent 0.991 8.25 0.00090 100 100 1.3 35.2 49.6 
Ethoxytriglycol 1.025 8.53 0.00086 100 100 0.04 32.2 45.7 
Propy! CELLOSOLVE Solvent 0.913 7,60 0.00095 100 100 21 26.3 32.3 
Butyl CELLOSOLVE Solvent 0.902 7.50 0.00092 100 100 7.8 28.6 28.9 
Butyl CARBITOL Solvent 0.954 7.94 0.00088 100 100 0.24 31.0 33.2 
Butoxytriglycol 0.989 8.19 0.00085 100 100 < 0.1 30.0 32.2 
Hexyl CELLOSOLVE Solvent 0.889 7.40 0.00086 1.00 18.80 0.82 30.3 28.5'9) 
Hexyl CARBITOL Solvent 0.935 7.78 0.00084 3 56.30 0.03 29.20 ===> 
Boiling Point Order 
Methyl CELLOSOLVE Solvent 0.966 8.04 0.00094 100 100 62 32.1 54.3 
CELLOSOLVE Solvent 0.931 7.74 0.00097 100 10 41 29.4 47.) 
Propyl CELLOSOLVE Solvent 0.913 7.60 0.00095 100 100 21 26.3 32.3 
Buty! CELLOSOLVE Solvent 0.902 7.50 0.00092 100 100 7.8 28.6 28.9 
Methyl CARBITOL Solvent 1.023 8.51 0.00086 100 100 1.5 35.9 54.3 
CARBITOL Solvent 0.991 8.25 0.00090 100 100 1.3 352 49.6 
Hexyl CELLOSOLVE Solvent 0.889 7.40 0.00086 1.00 18.80 0.82 30.3 28.59) 
Butyl CARBITOL Solvent 0.954 7.94 0.00088 100 100 0.24 31.0 33.2 
Methoxytriglycol 1.050 8.74 0.00084 100 100 0.04 347 48.4 
Ethoxytriglycol 1.025 8.53 0.00086, 100 100 0.04 32.2 45.7 
Hexyl CARBITOL Solvent 0.935 7.78 0.00084 3 56.30 0.03 29.20 ae 
Butoxytriglycol 0.989 8.19 0.00085 100 100 < 0.1 30.0 32.2 
(а) Tag Closed Cup unless otherwise noted (d) Pensky-Martens Closed Cup (f) зак2 С | 
(b) All solutions are percent by volume (е) Decomposes at 760 mm Ho, boiling point extrapolated (9) 1% solution 


(c) Sets to glass below this temperature 


(continued) 


Table 11.67: (continued) 


Constant Boiling Azeotropic Mixtures of Glycol Ethers and Other Solvents 
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Components 
Specific Gravity Boiling Point at 
Solvent at 20/20°C 760 mm Hg, °C 
Methyl CELLOSOLVE Solvent 0.966 124.5 
Toluene 0.868 10.6 
Methyl CELLOSOLVE Solvent 0.966 124.5 
Water 1.000 100.0 
Methyl CARBITOL Solvent 1.023 194.0 
Ethylene Glycol 1.115 197.6 
CELLOSOLVE Solvent 0.931 135.6 
Butyl Acetate 0.88 126.0 
CELLOSOLVE Solvent 0.931 135.6 
Toluene 0.868 110.6 
CELLOSOLVE Solvent 0.931 135.6 
Water 1.000 100.0 
CARBITOL Solvent 0.991 202 
Ethylene Glycol 1.115 197.6 
Propyl CELLOSOLVE Solvent 0.913 150.1 
Water 1.000 100.0 
Butyl CELLOSOLVE Soivent 0.902 1712 
Water 1.000 100.0 
Butyl CARBITOL Solvent 0.954 230.6 
Ethylene Glycol 1.115 197.6 
Hexyl CELLOSOLVE Solvent 0.889 208.1 
Water 1.000 100.0 
Hexyl CARBITOL Solvent 0.935 259.1 
Water 1.000 100.0 
Azeotrope 
Composition, % by Wt, at 20°C Specific Gravity 
Boiling Pointat з тт тт Relative Volume — at 20/20'C of 
Solvent 760 mm Hg,°C in Azeotrope in Upper Layer in Lower Layer ofLayersat20°C Azeotrope Layer 
Methyl CELLOSOLVE Solvent 25 — — —- 
Toluene 105.9 75 -- — — 0.887 
Methyl CELLOSOLVE Solvent 15 - — — 
Water 99.9 85 — — — -- 
Methyl CARBITOL Solvent 70 -- — — 
Ethylene Glycol 192 о | — — — 1.051 
CELLOSOLVE Solvent 35.7 - — — 
Butyl Acetate 125.8 64.3 - -- - 0.896 
CELLOSOLVE Solvent 10.0 - - — 
Томепе 110.0 90.0 -- — - 0.874 
CELLOSOLVE Solvent 28.8 -- За да 
Water 99.4 71.2 — — — 1.003 
CARBITOL Solvent 54.5 -- - — 
Ethylene Glycol 192 45.5 — — = == 
Propyl CELLOSOLVE Solvent 30 -- — € 
Water 98.8 70 -— — — — 
Butyl CELLOSOLVE Solvent 20.8 57 10 -- 
Water 98.82) 79.2. 43 90 - 0.989") 
Buty] CARBITOL Solvent 27.5 - — — 
Ethylene Glycol 196.2 72.5 -- -- 1.074 
Hexyl CELLOSOLVE Solvent 9 812 1.0 Utt U 0.915 
Water 99.7 91 18.8 99.0 L 89 L 1.000 
Hexyl CARBITOL Solvent 2 437 EZ U 0.5 U 0.982 
Water 100.0 98 56.3 98.3 L 99.5 1.000 








(a) Heterogeneous at thís boiling point 


{b) Homogeneous at 20°C 


(continued 
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Table 11.67: (continued) 


Surface Tension of Aqueous Solutions of Glycol Ethers Surface Tension of Aqueous Solutions of Glycol Ethers 


80. 80 





ee | E 1 Methyl CARBITOL Solvent 
LN | - 2 CARBITOL Solvent | 
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Surface Tension of Aqueous Solutions of Glycol Ethers 
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Glycol Ether, Percent by Weight (continued) 


Pressure, mm Hg 


Table 11.67: (continued) 


100 
90 
80 
70 
60 
50 | 


40 


Percent of Evaporation 


30 


20 


Relative Evaporation of Glycol Ethers 


А В C D 


10 20 30 40 50 60 70 


Relative Time, hours 


Chart Key: 
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Butyl Acetate 

Methyl CELLOSOLVE Solvent 
CELLOSOLVE Solvent 

Propyl CELLOSOLVE Solvent 
Butyl CELLOSOLVE Solvent 
Methyl CARBITOL Solvent 
CARBITOL Solvent 

Hexyl CELLOSOLVE Solvent 
Butyl CARBITOL Solvent , 
Hexyl CARBITOL Solvent 


Vapor Pressures of Glycol Ethers 
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E (78%) 


80 90 


Mutual Solubility of Buty] CELLOSOLVE® Solvent/Water vs. 
Temperature 


Azeotrope 
Two-Liquid 
. Phase . 
| Region | 
E 2 One-Liquid 
Phase 
Region 
20 30 40 50 60 70 80 90 100 


Buty! CELLOSOLVE Solvent, % by weight 


(continued) 


Table 11.67: (continued) 


Ecological Effects of Glycol Ethers 












































Theoretical Oxygen Fathead Daphnia 
Demand), mg 02/mg Biodegradation% __ Васепако _ Миппом че Мадпа!(&) 
ICso LCso LCso 
Glycol Ether Measured Calculated Day5 Day10 Оау20 mg/L mg/L mg/L 
Methyl CELLOSOLVE Solvent 1.64 1.68 30 62 88 » 10,000 » 5,400 » 10,000 
Methyl CARBITOL Solvent — 1.34 5 73 100 » 5,000 » 10,000 » 10,000 
Methoxytriglycol — 1.75 29 33 7] » 5,000 » 10,000 » 10,000 
CELLOSOLVE Solvent 1.98 1.86 36 88 100 » 10,000 » 10,000 » 10,000 
CARBITOL 5olvent 1.74 1.90 17 71 87 > 5,000 > 10,000 > 10,000 
Ethoxytriglycol — 1.89 8 47 71 > 10,000 > 10,000 > 10,000 
Propyl CELLOSOLVE Solvent 1.94 2.15 13 66 100 > 1,000 > 5,000 > 5,000 
Butyl CELLOSOLVE Solvent 2.25 2.30 26 74 88 » 5,000 1,700 > 1,000 
Butyl CARBITOL Solvent 2.05 2.17 22 64 77 > 1,000 2,500 > 1,000 
Butoxytriglycol — 2.10 «5 5 47 » 5,000 2,400 2,210 
Hexyl CELLOSOLVE Solvent 1.89 2.52 72 93 100 770 140 305 
Hexyl CARBITOL Solvent — 2.36 23 69 80 » 1,000 220 433 
(a) Calculated theoretical oxygen demand (THOD) based on complete oxidation of the chemical to carbon dioxide and water. Measured value 


determined by chemical oxygen demand procedure published in Standard Methods for the Examination of Water and Wastewater, 18th ed., 
Am. Public Health Assoc., Washington, D.C. (1992) 

(b) Based on biooxidation measured in the dilution bottle biochemical oxygen demand (BOD) test published in Standard Methods. Biooxidation 
is the percentage ratio of BOD to THOD [((BOD/ThOD)*10096]. Nonacclimated domestic sewage microorganisms were used as seed in the 
tests. 

(с) Determined by turbidity/growth procedures where the median inhibition concentration (ICzo) is measured after 16 hours of incubation with 
sewage microorganisms. 

(dee) EPA/ASTM bioassay procedures were followed in obtaining these values. Ten test organisms were used per test concentrations. 
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Table 11.68: Ashland Polyethylene Glycols (69) 


soluble in water with resultant solutions being 
transparent, ASHLAND” polyethylene glycols 
are designated by numbers which approximate 
their average molecular weight. Intermediate 
combinations may be obtained by blending 
various grades. 


Polyethylene Glycols 
1000, 1450, 3350, 4600 
and 8000 

From semi-solid to the higher 
molecular weight hard waxy 
white solids, this group of 
polyethylene glycols finds 
use as mold lubricants and 
moid release agents in the 
rubber industry. Used in 
preparation of ointments, 
cosmetic creams and 
lotions, metal polishes, shoe 
polishes, abrasives and 


рогу тот со ов 200, 
300, 400 апа 600 
Water-soluble viscous liquids 
at norma! temperatures, 
polyethylene glycols are 
also soluble in ketones, 
alcohols, glycol ethers. 
esters and aromatic 
hydrocarbons. Their 
viscosities and freezing 
points increase as the 
molecular weight increases. 
Used as paper softeners, in 
tire air bag lubricants and 
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ASHLAND" polypropylene glycols have average 
molecular weights ranging from 400 to 4,000, and 
encompass a wide range of physical and chemical 
properies. They are used in cosmetic formuiations, 
brake fluids, lubricating oils and greases, and rubber 
processing. 


lotions. Fatty acid esters adhesives. 
prove useful as emulsifiers, 
dispersants and lubricants. 
Specific (ова! Average Flash Point Viscosity 
Gravity at Molecular Freezing “F Centistokes 
Product 20°/20°C 20°C Weight Range °C РМ“ at 210°F 
Polyethylene Glycol 200 1.127 9.38 200 Supercools 2300 43 
Polyethylene Giycol 300 1.127 9.38 300 - 4510 – 8 2350 5.8 
Polyethylene Glycoi 400 1.128 9.39 400 4-8 >350 7.3 
Polyethylene Glycol 600 1.128 9.40 600 20-25 >350 10.5 
Polyethylene Glycol 1000 1.101 (55/20) ‘66 А 1000 37-40 > 350 17.4 
С) 
Polyethylene Glycol 1450 1.102 (55/20) s 5 1450 43-46 >350 25-32 
Polyethylene Glycol 3350 1.1072 (а) е) 3350 54-58 2350 75-110 
Polyethylene Glycol 4600 1.073 (a) RS 4600 57-61 > 350 160-230 
Polyethylene Glyco! 8000 1.075 (а) 8.96 (80°C) 8000 60-63 >350 700-900 
Polyethylene Giyco! 20000 1.065 (80/20) 8.67 (130*C) 17500 50-55 2350 14,500 


*Pensky-Martens 
(a) Density «« ВОС 


Table 11.69: BASF Pluracol E Polyethylene Glycols (47) 


Average 
Molecular 
Weight 


200 
300 
400 


600 
1000 
1450 


2000 
4000 
4500 
8000 


Product Form 


E200 
E300 
E400, E400 NF 


E600, E600 NF 
E1000 
E1450, E1450 NF 


E2000 
E4000 
E4500 
E8000 


Liquid 
Liquid 
Liquid 
Liquid 
Solid 
Solid 


Solid 
Solid 
Solid 
Solid 


Viscosity 
Flash 
Pt. о cb 


182 
210 
238 


249 
255 
239 


> 260 
> 260 
> 260 
> 260 


28.5 


435 
134.0 
1700 
750.0 


a Melting point b Cleveland open cup € Pensky-Martens closed cup 4% Flash points measured by the closed cup method, ASTM D-56 
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Table 11.70: CARBOWAX Polyethylene Glycols (79) 


Typical Physical Properties of CARBOWAX Polyethylene Glycols and Methoxypolyethylene Glycols 


Product 


CARBOWAX: м Glyco 


200 
300 
400 


540 Blend (a) 
600 
900 
1000 
1450 
3350 
4000 
4600 
_ 8000 


ке 20М 












350 
550 
750 


2000 
5000 


Product 


CARBOWAX’ Polyethylene Giycol | 


200 
ж 
400 


540 Blend (a) 












4375 to 3625 


Range of 
Average 
Molecular 
Weight 


190 to 210 
285 to 315 
380 to 420 
468 to 534 
570 to 630 
855 to 945 


950 to 1050 
1305 ко 1595 | 


3015 го 3685 | 


3600 го и 


4140 го 5060 ; 


7000 to 9000 | 


17,5005) | 


335 to 365 
525 го 575 
715 to 785 


1800 to 2200 


Surface 

Tension 

at 25?C, 
dynes/cm 












CARBOWAX" Methexypolyethylena Glycol 














G00 
900 


1000 
1450 
3350 
4000 
4600 
5000 


( Compound 20M| 


^ ——ы—— 


CARBOWAX’ Мекһохуроуетһуіепе Glycol 


51.3 (1) 
49.60} 





































































Solubility Average 
Melting or | in Water | Viscosity | Number of 
сакс" Density, g/cc Freezing at 20°C, | at 210°F, Repeating 
80°C Range, °C | % by wt cSt Oxyethylene 
Units 
| 
1.1238 1 1.0921 | 1.0763 (р | Complete | 4.3 4.1 | 
11249 L 0927 1.0766 4505 | Complete | 5.8 6.4 | 
1.1255 | 0931 1.0769 БА to 5 | Complete | 7.3 8.; | 
th) | 10930 | 1.0765 38 to 41 | n | 1054 га) 
1.1258 1.0931 1.0767 20 о 25 | Complete 10.8 БУ. 
(Һ) 1.0926 1.0763 32 to 36 | 86 15.3 20.0 
th) | 1.0927 1.0765 37 ю 40 , 80 17.2 223 
th) | 1.0919 1.0761 Brodie | 72 26.5 32.5 
(h) | L0926 1.0769 541058 | б] 90.8 75.7 
th) | 1.0926 1.0769 571059 | 66 140.4 90.5 | 
(th) 10926 1.0764 тю 1 6 183.9 104.1 | 
th) | 1.0852 (6) | 1.0689 (4) | 6005 65 8217 1814 | 
Sel | E mc 
ih) | 1.0540 (c). | 1.0392 (9) 6l to 6? 65 (01 15,655 2 moles SOOO ; 
| jomed wib an 
| | epostde 
1.0894 | 1.0547 1.0373 Sto l& | Complete 2.9 7.24 
110391 (0690 1.0515 [5025 | Complete 6.5 ILS 
(hi | 1.0761 1,0595 27 to 32 | Complete 10.3 6.5 
(h) | 1.0871 1.0707 Hota | 68 45.5 44.7 | 
ih) | 10899 | 1042 | 571063 | Od 319 129 | 
Liquid Heat of 
Refractive | Specific Heat | Heat of | Combustion (1) 
index, at 25°C, Fusion, at 25°C, CTFA (m)/INCI (n) 
np20 са!/а/“С са уд Btu/Ib Nomenclature 
1.430; a »i ui | 1231) | РС 
1.4044 | 4131 5) іо 540 | PEC- 
14667 | 36 ПО) PEGS 
0.51 Uk) 7 | 1,070 PEG tand) PEG-32 | 
0.51 35 11,00 PECG-12 
0.51 (К) з | 41210 PEC-IS | 
0.51 (k) 38 11,240 ШЕРІ 
0.51 (k) 37 -11,300 156-32 | 
0.51 (k) -11,380 [6-75 | 





| 


-— e m n je mm is 





1 
1 








th} 


ih! 


1.4557 
1.4621) ; 
14572 4 | 


(В) 
th} 


330 40.5 
220 19.70) 
750 40.7 (j) 
2000 (h) 
5000 (hì 

FOOTNOTES: 

(а) A 41/59 wt 6 mixture of PEC-300 ind PEG 150 

thi Ar 70°C 

{c) Ac 120°C 

(4) Ак 90“С 

(е) Ат 140 С 

( Sets to glass below 65°C 

(р) Approximate 


























—- — €—— — — ee, 








(p) Proposed CTFA/INCI Name 


0.51 (k) -11,390 PEG-90 (p? 
0.51 (k) 45 -11,390 PLG-100 
0.51 (k) 41 11,410 PEG-180 21 
0.5] (k) 38 11,430 = 

{1.51 -11,340 PEG-6 Methyl Ether 

0.51 -11,400 Methoxy PEG-10 
osik)? -11,350 Methoxy PEG-16 
ЖЕЛІ -11,390 Methoxy PEG-40 
0.51) -11,410 Methoxy PEG-100 

th) Solid at specified temperature 

(0 50% aqueous solution 

а АСС 

tk) Solid heat capacity 

i Negative indicates heat evolved 

оп) Cosmetics, Toiletries, and Fragrances Associaton 

(пл) International Nomenclature Cosmetic Ingredient (continued) 


Table 11.70: (continued) 


Liquid Densities of Aqueous Solutions of Liquid and Solid 
CARBOWAX?* Poiyethylene Glycols 


Liquid Density, g/cc 


Melting/Freezing Range of 
Temperature, ^F CARBOWAX? Polyethylene Glycols vs. Molecular Weight 


-22 -2 18 38 58 78 98 118 138 158 178 198 218 238 258 278 298 





о 
Freezing o 
Curves © 
ы 
2 
5 
ь САВВОМАХ" 
а Polyethylene Glycols 
Е 
Ф 
|- 
0.98 
0.96 
0.90 З 
-30 10 i З0 0 70) 90 110 130 150 0 2000 A000 6000 8000 10,000 


Temperature, "С 
Average Molecular Weight 


(continued) 
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Kinematic Viscosity of CARBOWAX Polyethylene 


Glycols 


Freezing Points of Aqueous Solutions of Liquid and 


Solid CARBOWAX Polyethylene Glycols 


Temperature, ње 
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1. 'запувіздша| 


Polyethylene Glycols in Water, per cent by weight 
g point. In high concentrations 
ycols 300, 400, 1000, 540 Blend, 1450, and 3350 can 


of water, the curves for polyethylene gl 


Note: Below — 23°C, all mixtures supercool and have no definite freezin 
be interpolated from the curves given., 
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(continued) 


Temperature, °F 


Table 11.70: (conti 


Kinematic Viscosity, centistokes 


nued) 


Kinematic Viscosity of CARBOWAX 
Methoxypolyethylene Glycols 


Temperature, °C 
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Table 11.70: (continued) 


Kinematic Viscosity of Aqueous Solutions of CARBOWAX 
Polyethylene Glycol 300 
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Table 11.70: (continued) 


Kinematic Viscosity of Aqueous Solutions of CARBOWAX 


Polyethylene Glycol 600 
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Kinematic Viscosity of Aqueous Solutions of CARBOWAX 


Polyethylene Glycol 1000 
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Table 11.70: (continued) 


Kinematic Viscosity of Aqueous Solutions of CARBOWAX 


Polyethylene Glycol] 3350 


Kinematic Viscosity of Aqueous Solutions of CARBOWAX 


Polyethylene Glycol 1450 
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Kinematic Viscosity of Aqueous Solutions of CARBOWAX 


Polyethylene Glycol 4600 


Kinematic Viscosity of Aqueous Solutions of CARBOWAX 
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Table 11.70: (continued) 


Kinematic Viscosity of Aqueous Solutions of CARBOWAX Kinematic Viscosity of Aqueous Solutions of CARBOWAX 
Polyethylene Glycol 8000 Polyethylene Glycol Compound 20M 
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Table 11.70: (continued) 


Kinematic Viscosity of Aqueous Solutions of CARBOWAX 


Methoxypolyethylene Glycol 550 
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Kinematic Viscosity of Aqueous Solutions of CARBOWAX 


Methoxypolyethylene Glycol 2000 
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Kinematic Viscosity of Blends of CARBOWAX Pol 


Glycols and Methoxypolyethylene Glycols 


Kinematic Viscosity of Aqueous Solutions of CARBOWAX 
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Table 11.70: (continued) 


Hygroscoplcity of Liquid CARBOWAX Polyethylene Glycols 
at Various Relative Humidities 
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Table 11.70: (continued) 


Molecular Weight Distributions of CARBOWAX 
Polyethylene Glycols 
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Note: The curves tor CARBOWAX" PEG 200, 300, 400, 600, 1000 and 1450 were 
determined by liquid chromatography. The curves tor CARBOWAX’ PEG 3350, 
4600 and 8000 were determined by gel permeation chromatography. 
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Table 11.70: (continued) 


Polymer Distribution In CARBOWAX Polyethylene Glycols 
200, 300, 400, 600, 1000, 1450, 4600 and 8000 


en 
A N 
ДА 
EEN. 


5 | 3350 
/| y 
1 2 3 8 10 20 30 40 50 60 80 100 200 


4 5 6 
Oxide Units 


25 







Polyethylene Glycol 
| 


20 





15 





со 





Note: These curves were computer-derived and confirmed by gel permeation chromatography 


Low Viscosity Component Viscosity, centistokes at 210°F 
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Table 11.70: (continued) 


Solubilities of Commonly Used Substances in CARBOWAX Polyethylene Glycois 400, 540 Blend and 3350 











CARBOWAX CARBOWAX CARBOWAX 
Polyethylene Polyethylene Polyethylene 
Glycol Glycol Glycol 
400 540 Blend 3350 
зачинити ч. 
Nitrocellulose Soluble Soluble Partly soluble 
Ethy! Cellulose Insoluble Insoluble Insoluble 
Methyl Cellulose Partly soluble Insoluble Insoluble 
рр a A a a = 
Shellac Partly soluble Partly soluble Insoluble 
Carnauba Wax (No. 3) Insoluble Insoluble Insoluble 
Paraffin Wax Insoluble Insoluble Insoluble 
маички м — Á——— —— —'——— y 
Beeswax Insoluble Insoluble Insoluble 
Ester Gum insoluble Insoluble Insoluble 
Rosin Soluble Partly soluble Partly soluble 
ag tr дената i n i a a a NE ae четан 
Gum Arabic Insoluble Insoluble Insoluble 
Raw Castor Oil Insoluble Insoluble Insoluble 
Tung Oil Insoluble Insoluble Insoluble 
Mineral Oil Insoluble Insoluble Insoluble 
Olive Oil Insoluble Insoluble Insoluble 
Pine Oil Soluble Partly soluble Insoluble 
Casein Soluble Soluble Partly soluble 
Zein Soluble Soluble Partly soluble 
Chlorinated Starch Soluble Soluble Soluble 
Gelatin Insoluble Insoluble Insoluble 
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Solubilities of CARBOWAX Polyethylene Glycols 400, 540 Blend and 3350 in Common Solvents 


-CARBOWAX CARBOWAX CARBOWAX 

Polyethylene Polyethylene Polyethylene 

Glycol Glycol Giycol 

400 540 Blend 3350 

Approximate % Approximate % Approximate % 

by weight by weight by weight 

at 20°C at 50°C at 20°C at 50°C at 20°C at 50°C 
Water 5 5 73 97 62 84 
Methanol 5 5 48 96 35 5 
Ethanol (200-proof) S S «1 S «1 S 
Acetone S S 20 S «1 99 
Dichloroethyl Ether S S 44 S 25 85 
Trichloroethylene S S 50 90 30 
Methylene Chloride S ta) 5 ја 70 ta) 
CELLOSOLVE® Solvent 5 5 <1 5 <1 88 
Buty! CELLOSOLVE 5 5 <1 5 <1 52 
CARBITOL® Solvent 5 5 2 5 <1 63 
Butyl CARBITOL 5 5 <1 5 <1 64 
Ethyl Acetate 5 5 15 5 <1 93 
Dimethyl Phthalate 5 5 30 90 13 74 
Dibutyl Phthalate 5 5 <1 5 <1 55 
Ethyl Ether Insoluble “ Insoluble © Insoluble с 
Isopropyl Ether Insoluble Insoluble Insoluble Insoluble Insoluble Insoluble 
Toluene 5 13 5 <1 5 
Heptane Insoluble Insoluble 0.50 0.01 <0.01 <0.01 
FOOTNOTES: : 


5 = Greater than 100 g per 100 cc of solvent. 


(a) Solvent boils at or below 50°C 


Table 11.71: Dow Polyglycols (23) 


а ьо ее 


Glycol Ethers 599 


Average 
Viscosity, Flash Specific 
Potyethylene Average Average Centistokes Point Refractive Specific Density Heat 
Glycols Molecular Freezing РМСС, Index Gravity Lbs/Gal Viscosity Cal/g/C СТРА’ 
E-Series Weight Poin, C 32F TTF 100 F 210 F ЈЕ at 25°C 25125 С at 25°C index at 25°C Nomenclature 
CASH Super 
25322-68-3 E200 200 Cools 187 40 23 44 340 1.459 1.124 9.35 111 0524 РЕО-4 
[300 300 10 343 69 36 59 > 400 1.463 1.125 9.36 118 0.508 PEG-6 
E400 400 + 6 90 49 / 4 >450 1.465 1.125 9.36 124 0 498 PEG-8 
E600 600 +22 131 /2 11 > 450 1.466 1.126 9.37 154 . 0490 PEG-12 
E900 900 34 100 16 > 450 а 1.204 а 182 а — 
E1000 1000 37 iQ » 450 a 1.214 a Un a PEG-20 
E1450 1450 44 SOLID 29 > 450 a 1.214 a vee a PEG-6-32 
E3350 3350 54 93 > 450 а 1.224 a e а PEG-75 
E4500 4500 58 180 > 450 a 1.224 a Ж а РЕС-100 
E8000 8000 60 800 > 500 a 1.224 a a PEG-150 
Methoxypoly- 
ethylene 
Glycols 
MPEG 
CASH MPEG PEG-6 
9004-74-4 350 350 0 2? 16 3.8 > 350 1.455 1.097 9.14 138 -- Methyl Ether 
MPEG PEG-10 
550 550 20 56 30 6.3 > 400 1.461 1.102 917 181 -- Methyl Ether 
MPEG PEG-16 
750 750 30 53 99 > 450 1.463 1.0960 9046 a — Methyl Ether 
a Designates properties not applicable for solids 
b At 50° 


’ Cosmetic, Toiletry and Fragrance Association 


Liquids Miscible in all Proportions with 





Acetaldehyde 
Acetic Acid (Glacial) 
Acetic Anhydride 
Асвіопе" 
Acetylene Tetrabromide 
Acrylonitrile 

Allyl Alcohol 

Allyl Bromide 

Amyl Acetate 

Amyl Alcohol 
tert-Amyl Alcohol 
Aniline 
Benzaldehyde 
Benzene 

Benzyl Alcohol 
Bromobenzene 
Bromoform 

n-Butyl Acetate 
n-Butyl Bromide 
n-Butyl Phosphate 
n-Butyl Stearate 
o-Chloroaniline 
Chlorobenzene 
Chloroform* 
o-Cresol 
Cyclohexanol 
Cyclohexanone 
Diacetone Alcohol 
Dichloroacetic Acid 
o-Dichlorobenzene 
Dichloroethy! Ether 
Methylene Chlorobromide* 


5————————————— ама — — — на — À— — o— — 


* Available from Dow 
(Temp. = 75"Р) 





Dichioroisopropy! Ether 
Diethanolamine* 
Diethylene Glycol" 
1,4-Оюхапе“ 
Dipheny! Oxide’ 
Dipropylene Glycol* 
Ethanol (95%) 
Ethanolamine* 
Ethyi Acetate 
Ethy! Bromide 
Ethyi Chloroacetate 
Ethyl Lactate 
Ethylene Chiorohydrin 
Ethylene Dibromide* 
Ethylene Dichtoride* 
Ethylene Glycol* 
Ethylidene Dichloride 
Formamide 
Furfural 
Сіусегіпе" 
Hydrochloric Acid (conc.)* 
Isophorone 
Isopropanol (9994) 
Isopropyl Bromide 
Lactic Acid (85%) 
Mesityl Oxide 
Methanol 
Methyl Chloroform” 
(1,1,1-trichloroethane) 
4-Methylcyclohexanol 
Methylene Bromide 
Methylene Chloride* 


Liquid Polyethylene Glycols E200, E300, E400, EGOO 





Methyl Ethyl Ketone 
Methyl Formate 
Methyl Isobuty! Carbinol 
Methyl Isobutyl Ketone 
Methyl Salicylate* 
Могрћоћпе" 
Nitrobenzene 
Nitroethane 
Nitromethane 
1-Nitropropane 
2-Nitropropane 

Octyl Alcohol 
Paraldehyde 

Phenetole 

Pheny! Acetate 

Phenyl Ethyl Acetate 
Phenyl Ethyl Alcohol 
4-Pheny!-m-Dioxane 
Phosphoric Acid (85%) 
Piperidine 

n-Propanol 

Propylene Dibromide 
Propylene Dichioride* 
Pyridine 

Styrene Oxide 
Tetrahydrofurfuryl Alcohol 
Triacetin 

Trimethylene Bromide 
Trimethylene Chlorobromide 
Tripropylene Glycol* 
Water 


(continued) 
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Table 11.71: (continued) 


Liquids Insoluble or Partly Soluble 
in the Liquid Polyethylene Glycols 











































































































Approximate Solubility, 
Volume Percent 
E200 E300 E400 E600 
n-Butyl Stearate —— Ins Ins. — Ins. ^. Mns 
Butyraldehyde Ins. Ins. Ins. Ins 
Carbon Disulfide 10% 10% 10% —— 25% 
Carbon Tetrachloride* mm 45% воа. ^. Sol. 
Castor Oil ing. Ins. 2207 ^ |ns Ins 
Cod LiverOil - Ins. Ins. ins Ins 
Cottonseed Oil | Ins. Ins. Ins Ins 
Cyclohexane Ins. Ins. Ins. Ins 
Decahydronaphthalene Ins. Ins. Ins. Ins 
Diamylnaphthalene Ins. Ins. Ins Ins 
Dibuty! Sebacate Ins. Ins. Ins Ins 
Diethylbenzene* ins. Ins. 10% 25% 
Diethy! Ether 25% 25% 25% 25% 
Diisopropylbenzene Ins. Ins. Ins Ins 
Dodecyl Alcohol Ins. Ins. Ins. Ins 
Ethylbenzene* 10% 35% 75% Sol 
Ethyicylohexane Ins. Ins. — о | — ^n. ns 
Gasoline ins de. — Ws. X {сз 
Isopropylbenzene E Ins. 2590 35% Sol 
fsopropy! Chloride 25% 55% о ^ $0. | ва 
Kerosene № ins. Ins Ins. 
Сага ОН Ins. ins. ins Sol. 
Lemon Oil М Ins. Ins. ins ins 
Methyl Laurate Ins. М Ins. Ins. Ins. 
alpha-Methyistyrene 35% mE Sol. ^ бо. гета: Sot. 
OlveQil о Ins. 294 1094 30% 
Orange Oil Ins. Ins. Ins. Ins 
Pentachlorodipheny! Oxide Ins. Sol. Sol. Sol 
Perchloroethylene * Ins. Ins. 10% 25% 
Ricinoleic Acid ins. Ins. Ins Ins 
Soya Oil Ins. Ins. Ins Ins 
Sperm Oil ins. Ins. Ins. 1% 
Tet rahydronaphthalene 10% 25% 45% Sol. 
Tributyl Aconitate ins. Ins. Ins 10% 
Triethylbenzene mm Ins. | “Ins. Ins. ins. 
Xylene 10% 35% 65% Sol 
Sol. - Solubie in all proportions * Available from Dow 
ins. - Insolubte 
(Temp. = 75°F) 
Solubility of Polyethylene Glycols Effect of Polyethylene Glycoils оп 
in Various Solvents Styrene-Butadiene Rubber * 
E200 E300 E400 E600 E1000 E1450 E3350 E4500 E8000 | % Average 
Acetone © m ќа Е 5100 GU. «01 «01 сот Polyglycol Dimension Change 
Benzene ж ж ж x >100 64 32 38 12 БЕНИ tene n а ода р в а 
Eher — 10 — 70 5 а a 501 c0! c0! o END MR 
mHepane <1 a чо тт хот чот сот сот ВО тт T 
Methanol 20 әс ж со 2100 2100 28 38 АРТ eee eise SS 
Water о x со © >100 >100 >100 >100 >100 ЕШ у. -- a 
Ee gh ea a ассы E1450 -0.55 
(approximate, grams per 100 grams solvent at 25°C} E3350 ----- 5 - 
E8000 -0.55 


* Materials Styrene- Butadiene Rubber (SBA) Braka Cups — Wheel Cylinder, 

Pan Number AM3, used for rubber swell tests. Tests carried out according 

to SAE procedures defined by SAE hydraulic brake fluid 

specitication J1703a. (120 hours at 158 °F) . 
(continued) 
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Viscosity of Aqueous Polyglycol E200 Solutions 


Viscosity vs. Temperature For Dow Polyethylene Glycols 


Glycol Ethers 
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Viscosity of Aqueous Polyglycol E400 Solutions 


ер °C 


Viscosity of е Polyglycol E300 Solutions 
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Viscosity of Aqueous Polyglycol E900 Solutions 


Temperature, °C 


Viscosity of Aqueous Polygiyco!l E600 Solutions 


Table 11.71: (continued) 


Glycol Ethers 
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Viscosity of Aqueous Polyglycol E1450 Solutions 
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Viscosity of Aqueous Polyglycol E1000 Solutions 


Temperature 


Temperature, °F 
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Viscosity of о Polyglycol E4500 Solutions 


Viscosity of Aqueous Polyglycol E3350 Solutions 


Temperature, P: 


Glycol Ethers 
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Viscosity of E300/E1450 Blends 
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Viscosity of E400/E3350 Blends 
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Table 11.71: (continued) 


Freezing Points — E200, E300, E400, E600 Aqueous Solutions 


Temperature, °C 
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% Polyglycol by Weight 


Freezing Points — E1000 Aqueous Solutions 


Temperature, °C 
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Freezing Points — E1450, E3350, E4500 Aqueous Solutions 
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Freezing Point — E8000 Aqueous Solutions 





Temperature, °F 
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Table 11.71: (continued) 


Polyethylene Giycoils 
Densities уз. Т Above Their Freezing Point 


Temperature, °C 
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Table 11.71: (continued) 


Comparative Hygroscopicities 
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POLYPROPYLENE GLYCOLS 


Table 11.72: Ashland Polypropylene Giycols (69) 


Specific Lb/Gal Average 
Gravity at Molecular Pt -Co Centipoise 

Product 20°/20°C 20°C Weight Color at 20°C 
Polypropylene Glycol 150 1.025 8.54 150 45 82(20%С) 
Polypropylene Glycol 425 1.008 8.42 425 100 80 
Polypropylene Glycol 1025 4.005 8.39 4000 25 150 
Polypropylene Glycol 2025 1.005 8.39 2000 75 300 
Polypropylene Glycol 4000 1.004 8.36 4000 75 900 


*Pensky-Martens 
(a) Density « ВОС 


612 Industrial Solvents Handbook 


Table 11.73: Dow Polypropylene Glycols and Polyglycol Copolymers (23) 






































Average 
Viscosity, Flash Specific 
Polypropylene Average Average Centistokes Point Retractive Specific Density Heat | 
Glycols " Molecular Freezing  —————————————————————————— PMCC. index Gravity Lbs/Gal Viscosity Caug/C СТРА’ 
P-Series . Weight Ро, С 32F 77°F 100°F 210 F F at 25 C 25/25С at 25°C Index at 25°C Nomenciature 
CAS# | 
29434-03-5 | P425 425 - 45" 500 70 33 46 330 1.447 1.007 8.39 -- 0.477 РРО-9 
Р1200 1200 - 40 1130 175 91 135 345 1.448 1.007 8.38 161 0.459 PPG-20 
P2000 2000 - 30° 1400 300 160  " 23 390 1.449 1.002 8.34 183 0.452 PPG-26 
P4000 4000 - 26 4000 800 455 53 365 1.450 1.005 8.36 191 — PPG-30 
Polypropylene 
Glycols 
L-Series 
CAS# | PPG-14 
9003-13-8 L910 910 - 43° 356 83 43 8 345 1.444 0.9833 8.23 181 — Butyl Ether 
PPG-18 
(1150 1150 - 40" 590 115 37 11 > 400 1.446 09888 828 ` 177 -- Buty! Ether 
Polyglycol 
Copolymers 
CASH PPG-24 
51258-15-2 15-200 2600 - 40 2060 420 206 32 > 450 1.460 1.060 8.81 200 0.470 Glycereth-24 
CAS# PPG-66 
9082-00-2 112-2 4900 - 18" 20000 1000 445 60 455 1.455 1.028 8.56 200 0.430 Glycereth-12 
CASH Poloxamer- 
53637-25-5 EP530 2000 - 32" 1450 321 168 25 >420 1.452 1.017 8.46 192 — 181 
a Designates properties not applicable for solids 
b At 50° 
* Pour Point 


' Cosmetic, Todetry and Fragrance Association 


Solubility of Additional Liquids in Polypropylene Glycols 
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Approximate Solubility, Volume % 








P425 P1200 P2000 P4000 
Diethanolamine* BEEN So. < ОИ" 3 < 
Diethylene Glycol* Sol. 109^ 10% 10% 
Ethylene Glycol* Sol. mE 8% — < 1 = <1 
Glycerine* <1 <1 <1 <1 
Oleic Acid <1 Soi. Sol. Sol. 
Polyglyco! E200* Sol. Sol. | 9% | <1 
Polyglycol E400* Sol. Sol. « 1 3% 
Polyglyco! E600* ~ Sol. | Soi. («1 < 1 
Propylene Glycol* Sol. Sol. 10% | 5% 
Зрегт ОН 20% Sol. Sol. Sol. 
Triethanolamine* Sol « 1 mM « 1 « 1 
Triethylene Glycol* Sol. | Сва. 9% 9% 


Sol. = Soluble in all proportions 
*Product of The Dow Chemical Company 
(Temp. = 77 °F) 
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Table 11.73: (continued) 


Liquids Soluble in All Proportions 


with Polyglycols P425, P1200, P2000 and P4000 


Acetaidehyde 
Acetic Acid (glacial) 
Acetic Anhydride 
Acetone* 
Acetylene Tetrabromide 
Altyl Alcoho! 

Allyl Bromide 

Amy! Acetate 

Ату! Акопо! 
tert-Amyl Alcohol 
Aniline 
Benzaldehyde 
Benzene 

Benzy! Alcohol 
Bromobenzene 
Bromocyclohexane 
Bromoform 

n-Butyl Acetate 
n-Butyl Bromide 
n-Butyl Lactate 
n-Butyl Phosphate 
n-Butyraldehyde 
Buty! Stearate 
Caproic Acid 
Carbon Bisulfide 
Carbon Tetrachloride * 
Castor Cil 
o-Chloroaniline 
Chtoroform* 
о-Спіогорпепої 
Cod Liver Oil 
Cottonseed Oil 
Сгезо! 
Cyclohexane 
Cyclohexanol 
Cyclohexanone 
Decahydroaphthalene 
Diacetone Alcohol 
Diamyinaphthajene 
Di-n-butylamine 
Dibutyl Sebacate 
Dichloroacetic Acid 
o-Dichlorobenzene 
Dichlorodipheny! Oxide 


*Product of The Dow Chemical Company 
tHeat evolved on mixing 


(Temp. = 77 °F) 


Dichloroethyl Ether 
Dichloroisopropyl Ether 
Diethylbenzene* 
Diethyl Ether 
Diisopropylbenzene 
1,4-Dioxane"* 

Diphenyl Oxide* 
Dipropylene Glycol* 
Dodecy! Alcoho! 
Ethanol (95%) 

Ether 

Ethyl Acetate 
Ethyibenzene* 

Ethyl Bromide 

Ethyl Chioroacetate 
Ethyl Cyanoacetate 
Ethylcyclohexane 

Ethyl Lactate 

Ethylene Chlorohydrin 
Ethylene Dibromide* 
Ethylene Dichloride* 
Ethylidene Dichloride 
Furfural 

n-Heptane 
Hydrochloric Acid (23 °Be.)* 
Isophorone 

lsopropyt Aicohol (99%) 
lsopropyibenzene 
lsopropy! Bromide 
Isopropyl! Chloride 
Lactic Acid (85%) 

Lard Oil 

Lemon Oil 

Mesityl Oxide 

Methanol 

Methyl Chloroform* 
4-Methyicyciohexanol 
Methylene Bromide 
Methylene Chioride* 
Methylene Chiorobromide 
Methyl Ethyl Ketone 
Methyl Formate 

Methyl Isobutyl Carbinol 
Methyl Isobutyt Ketone 
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Methyl Laurate 


Methyl Salicylate” 
a-Methylstyrene 
Morpholine* 
Nitrobenzene 
Nitroethane 
Nitromethane 
1-Nitropropane 
2-Nitropropane 

Octyl Alcohol 

Olive Oil 

Orange Oil 
Paraidehyde 
Pentachlorodiphenyl Oxide 
Perchloroethylene* 
Phenyl Ethyl Acetate 
Phenyi Ethyl Alcohol 
Phenetole 

Phenyl Acetate 
4-Phenyl-m-dioxane 
Pine Needle ОП 
Piperidine 

Propyl Alcohol 
Propylene Dibromide 
Propylene Dichioride* 
Pyridine ; 
Ricinoleic Acid 

Soya Oil 

Styrene Oxide 
Tetrachloroethane 
Tetrahydrofurfury! Alcohol 
Tetrahydronaphthalene 
Triacetin 

Tributyl Aconitate 
1,1,2-Trichloroethane* 
Trichloroethylene* 
Triethylbenzene 
Trimethylene Bromide 
Trimethylene Chlorobromide 
Tripropylene Glycol* 
Vinyl Cyanide 

Xylene 


Solubility of Aliphatic Hydrocarbons in Polypropylene Glycols 


Approximate Solubility, Volume %% 








P425 P1200 P2000 P4000 

77*F  120*F 77*F  120*F 77*F  120*F 77°F  120*F 
Hexane Sol. Sol. Sol. Sol. Sol. Sol. Sol. Sol. 
VM and P Naphtha Sol. Sol. Sol. Sol. Soi. Sol. Sol. Sol. 
No. 2 Fuel Oil Sol. Soi. | Sol. 501. __ Sol. 59. __Sol. Sol. 
Mineral Spirits — 35% бо. | Sol. бо! ^ . Sol. uu Sot. Soi. = 
Hi Flash Naphtha 30% бо. Sol. 501. Sol. 501. So. 50. 
SAE20LubeOl 15% 2% 25% So. 80% So. 16% 28% 
Light Paraffin Oil 5% 10% 20% 40% 25% Sol 18% 22% 


Heavy Mineral Oil 2% 10% 5% 15% 10% 20% 8% 13% 


The solubility of aliphatic hydrocarbons In polyglycois P425, P1200, and P2000 diminishes with an increase in the chain length of the hydrocarbon. 
Sol. = Solubie in all proportions 
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L-Series 


Viecosity vs. Temperature For Polypropylene Glycols 


— P-Series 


Viscosity vs. Temperature For Polypropylene Glycols 
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Table 11.73: (continued) 


Viscosity of Aqueous Solutions of Polyglycol P425 





Water Solubility of Polypropylene Glycols P425 and P1200 


Temperature of Definite Phase Separation, °F 





: Some variations in these properties, 
may occur. Clouding was observed as 

as 10°F below the ана 
Gefinite phase separation takes place. 
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Table 11.73: (continued) 


Viscosity vs. Temperature of Aqueous Polyglyco! 15-200 Solutions 


Viscosity vs. Temperature for Polyglycol 15-200 
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Hygroscopicity of Polyglycol 15-200 


Viscosity vs. Concentration of Aqueous Polyglycol 15-200 Solutions 
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Table 11.73: (continued) 


Solubility of Organic Liquids in Polyglycol 15-200 


Organic Liquid 

Buty! Stearate 

Cotton Seed Oil 
Сус!оћехапе _ 
Decahydronaphthalene 
Diethanolamine* 

Ethyl Cyclohexane 
Ethylene Giycol* 
Gasoline 


n——————— к 


Glycerine” 





Solubility, % 


10 


25 
25 


———————————————————À MÀ 


алаа € —— 


а а MP — 


Olive Cil 
Soya Oil 


——————————————— ————————— ———— — 


Triethanolamine* 





мес ма M А a € € € à 


Ins. z insoluble in al! proportions. 








Organic Liquids Completely Soluble in Polyglycol 15-200 


At 77 °F, Polyglycot 15-200 is soiuble in all proportions with organic acids, alcohols, aldehydes, aromatics, halogenated hydrocarbons, glycols, glycol 
ethers, and some vegetable, animal and certain fruit oils. Specific compounds which are completely solubie include: 





Acetaldehyde 
Acetic Acid (glacial) 
Acetic Anhydride 
Acetone* 

Acetylene Tetrabromide 
Acrylonitrile 

Allyl Alcohol 

Ailyl Bromide 

Amyl Acetate 

Amy! Alcohol 
tert-Amyl Alcohol 
Aniline 

Benzaldehyde 
Benzene 

Benzy! Alcohol 
Bromochloromethane 
Bromocyclohexane 
Bromoform 

n-Butyl Acetate 
n-Butyl Bromide 
n-Buty! Lactate 
n-Butyl Phosphate 
n-Butylaldehyde 
Carbon Bisulfide 
Carbon Tetrachloride* 
Castor Oil 
o-Chloroaniline 
Chioroform* 
o-Chlorophenol 
Cresol 

Cyclohexanol 


Cyclohexanone 


Diacetone Alcohol 
a-Diamylnaphthalene 
Di-N-Butylamine 
Dibutyl Sebacate 
Dichloroacetic Acid 
o-Dichlorobenzene 
Dichloroethyl Ether 
Dichloroisopropyl Ether 
Diethylbenzene" 
Diethylene Glycol* 
Diethy! Ether 
Diisopropyibenzene 
1, 4-Dioxane* 
Diphenyl Oxide* 
Dipropylene Glycol* 
Dodecyl Alcohol 
Ethanol (95%) 

Ethyl Acetate 
Ethylbenzene* 

Ethyl Bromide 

Ethyl! Chloroacetate 
Ethy! Cyanoacetate 
Ethyl Lactate 
Ethylene Chiorohydrin 
Ethylene Dibromide* 
Ethylene Dichioride* 
Ethylidene Dichloride 
Furfural 


Hydrochloric Acid (23*Be)* 


Isophorone 


Isopropanol (9994) 
Isopropylbenzene 
isopropyi Bromide 
Isopropyl Chloride 
Lactic Acid (85%) 
Lemon ОН 
Mesityl Oxide 
Methanol 
Methy! Chloroform* 
p-Methyicyclohexanol 
Methylene Bromide 
Methylene Chloride" 
Methyl Ethyl Ketone 
Methyl Formate 
Methy! Isobuty! Carbinol 
Methyl Isobuty! Ketone 
Methyl Laurate 
Methyl Salicylate * 
a-Methylstyrene 
Morpholine* 
Nitrobenzene 
Nitroethane 
Nitromethane 
1-Nitropropane 
2-Nitropropane 
Octyl Alcohol 
Oleic Acid 
Orange Oil 
Paraldehyde 
Pentachlorodiphenyl 
Oxide 
Perchloroethylene* 


Phenyl Ethyl Acetate 
Pheny! Ethyl Alcohol 
Phenetole 

Phenyi Acetate 
4-Phenyl-M-Dioxane 
Pine Needle Oil 
Piperidine 

Polyglycol E200* 
Polyglycoi E300* 
Polyglycol E400* 
Polyglycol E600* 
п-Ргорапо! 

Propylene Dibromide 
Propylene Dichloride* 
Propylene Glycol* 
Pyridine 

Ricinoleic Acid 

Sperm Oil 

Styrene Oxide 
Tetrachioroethane 
Tetrahydrofurfury! Alcohol 
Tetrahydronaphthalene 
Triacetin 

Tributyl Aconitate 
1,1,2-Trichloroethane* 
Trichloroethylene* 
Triethylbenzene 
Triethylene Glycol* 
Trimethylene Bromide 
Trimethylene Chlorobromide 
Tripropylene Glycol* 
Xylene 





*Products of The Dow Chemical Company 
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Viscosity vs. Temperature For Polyglycol EP530 
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POLYOLS 


Table 11.74: Properties of PLURONIC and TETRONIC Block Copolymer Surfactants (47) 


oor о =——— 


PLURONIC* Block Copolymer Surfactants М 


Surface Foam Height 
Cloud Point Tension (Ross Miles, 
(1% aqueous (0.1%, 25° C) 0.196, 50? C1 
Product Form sol)? C dynes/cm mm 
L10 Liquid 32 40.6 30 
L31 Liquid 37 46.9 2 
L35 Liquid 73 48.8 25 
F38 - Solid >100 52.2 35 
143 Liquid 42 47.3 0 
144,144 МЕ Паша 65 45.3 25 
L61 Liquid 24 Ins. 0 
L62 Liquid 32 42.8 25 
1620 Liquid 35 43.0 3 
L62LF Liquid 28 38.6 5 
| 64 Liquid 58 43.2 40 
P65 Paste 82 46.3 70 
F68, F68NF Solid >100 50.3 35 
FeaLF Solid 32 43.7 16 > 24 
F77 Solid > 100 47.0 100 >24 
181 | Паша 20 Ins. Ins. 1—7 
P84 Paste 74 42.0 90 12—18 
P85 Paste 85 42.5 70 12--18 
287, F87NF Solid >100 44.0 80 >24 
F88 Solid > 100 48.5 80 >24 
F98 Solid ` >100 43.0 40 >24 
L101 Liquid 15 Ins. Ins. 1--7 
| P103 Paste 86 34.4 40 7--12 
| Р104 Paste 81 33.1 50 12—18 
P105 Paste 91 39.1 40 12—18 
| F108, F108NF Solid >100 41.2 40 >24 
[71121 Liquid 14 33.0° Ins 1—7 
к {122 Liquid 19 33.0 20 1-7 
| P123 Paste 90 34.1 45 7—12 
| F127, F127NF *Solid > 100 40.6 40 18—23 
1085 Liquid 69 50.9 10 12—18 
17R2 Liquid 35 41.9 0 2—7 
1784 Liquid 46 441 0 7-12 
2582 Liquid 29 37.5 1 2--7 
2584 Liquid 40 40.9 25 7-12 
258 Solid 45 46.1 15 12—18 
31R1 Liquid 25 34.1 0 1—7 
4 HL8 calculated from gic relative retention ratios except for PLURONIC R series estimated ranges Ь Not completely soluble Ins. = Insoluble 





TETRONIC? Block Copolymer Surfactants 








Surface Foam Height 
Cloud Point Tension (Ross Miles, 
(1% aqueous (0.1%, 25° C) 0.1%, 50° C) 
Product Form $01.)° С dynesicm mm 
304 Liquid 75 53.0 2 
701 Liquid 18 36.15 09 
_ 704 Liquid 79 40.3 80 
901 Liquid 20 36.25 0? 
904 Liquid 74 35.4 70 
__ 908 Solid > 100 45.7 40 o 5 КЕ 
1107 Solid > 100 42.9 50 
9084 Liquid 43 42.7 20° 
150R1 Liquid 20 33.39 (dns — 





^ HLB calculated trom gic relative retention ratios t Not completely soluble Ins. = Insoluble 
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GLYCERINE ETHERS 


Table 11.75: Glyceryl a-Monomethyl Ether (2) 


a-Monomethy! Ether of Glycerine CH,OCH,CHOHCH,OH 
Glyceryl %-monomethy! ether is a colorless liquid, soluble in benzene, ethyl alcohol, glycerol and water but insoluble 
in gasoline and carbon tetrachloride. |t is a solvent for rosin, and when mixed with butyl acetate is compatible with 
nitrocellulose. it may be used as a selective solvent and in the manufacture of alkyd resins. 


Boiling range at 745 mm 90% between 
215-220°С 
ee 5° 
Refractive index, n D 1.442 
Specific gravity at 25/25°C 1.1147 
Weight per gal 9.29 Ib 


Table 11.76: Glyceryl a,y-Dimethy! Ether (2) 


a,y-Dimethyl Ether of Glycerine H,COCH,CHOHCH,OCH 


3 

Glycerine @,y¥-dimethyl ether is a water-white liquid soluble in benzene, gasoline, carbon tetrachloride, ethyl alcohol, 
water and glycerine, but insoluble in linseed oil and other fixed oils. |t is a solvent for rosin, cellulose acetate and 
when mixed with butyl acetate is compatible with nitrocellulose. И has use as a solvent and plasticizer. 


oiling range at 736 mm. 90% between 
164-170°C 

Specific gravity at 25/25°C 1.003 

Weight per gal 8.36 Ibs 


Table 11.77: Glyceryl a-Mono-n-Butyi Ether (2) 


X -Mono-n-Butyl Ether of Glycerine С,Н,ОСН,СНОНСН,ОН 


4 9 2 2 


&-Mono~n-butyl ether of glycerine is a colorless liquid, soluble in benzene, gasoline, ethyl alcohol and carbon tetra- 
chloride, but only slightly soluble in water and glycerol. 1t is a solvent for rosin and ester gum and may be used in the 
preparation of varnishes made with these substances. 


Boiling range at 18 mm. 90% between 
133-137°C 

Refractive index, n = 1.434 

Specifie gravity at 25/25°C 0.945 

Weight per gal 7.87 lbs 


Table 11.78: Glycery! a-Monoisoamyl Ether (2) 


a&-Monoisoamyl Ether of Glyceryl C.H, ,OCH 


5 11 2 


СНОНСН, ОН 
a-Monoisoamy! ether af glyceryl is a colorless liquid which generally contains small amounts of other amy! isomers. 

It is soluble in benzene, ethyl alcohol, hatogenated hydrocarbons, carbon tetrachloride, gasoline, linseed oil, and 
other fixed oils and, in certain amounts, soluble in glycerol and water. It isa solvent for rosin and, when mixed with 
buty! acetate, is compatible with nitrocellulose. It may be used as a solvent in the preparation of alkyd resins and in 
the synthesis of ester derivatives. 


Boiling range st 745 mm 90% between 
252-260°C 

Refractive index, N T 1.442 

Specific gravity at 25/25°C 0.987 


Weight. per gal 8.22 lbs 
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Table 11.79: Glyceryl a,y-Diisoamyl! Ether (2) 


a,¥~Diisoamyl Ether of Glycerine САН, ОСН,СНОНСВ ОС СН | 


Glycery! a,y-diisoamyl ether is a water-white liquid which may contain small quantities of other amyl isomers. It is 
soluble in ethy! alcohol, benzene, gasoline, carbon tetrachloride and linseed oil, but insoluble in water and glycerol. 
It is a solvent for ester gum and rosin and has use as a solvent and plasticizer. 


Boiling range at 10 mm 90% between 
147-153*C 

Refractive index, n K 1.432 

Specific gravity at 25/25°C 0.903 

Weight per gal 7.52 lbs 


Tabie 11.80: Miscellaneous Glycerine Ethers (2) 


Glycerine ethers range widely from low-boiling liquids to high-boiling solids. The solubility varies equally from complete 
water miscibility to complete water insolubility. The following lists these glyceryl ethers with their density and boiling 


points. 
Glyceryl- Ether d b.p. (or m.p.) °C, 
a-Isoamyl 0.98721 137-да 
251-2m 
а, y—di-Isoamyl 0.90371 147-53» 
209 
а-Вепву! 1.196: • 124-6, 
а-п--Вчбу! 0.9451; 183-7, 
Cresyl 
a-Ethyl 1.063 231-2 
а, уда - ћу! 0.920,, 190 
tri-Ethyl 0.886?“ 103-5. 
181-0 
Epiethylin 0.941, 128-9 
Glycidol 1.11435; 4li 
a-Methyl 1.114725 1105 
221m 
B-Methyl 
a, y-di-Methyl 1.003: • 69.5-70.515 
164-701 
tri-Methyl 0.937! 1 148 
Epimethylin 1.002, 113-479 
mono-a-Naphthyl m.p. 91-2 
mono-8-Naphthyl m.p. 109-10 
a-Phenyl 185-7, 
150-54 
т.р. 53-4 
a, y-di-Phenyl 287-8 
m.p. 80-1 
а-0-С1-Рпепу! m.p. 56 
a-p-Cl-Phenyl m.p. 76 
mono-2, 4-di-Nitrophenyl m.p. 83 
Epiphenylin 1.0875 115-&., 
a-Propyl 1.074! 4 118-224 
а, у-ді-Іворгору! 0.9154 112-3 
a, y-di-n-Propyl 215-7 


mono-p-Tol yl m.p. 73-4 


Кетопез 


АСЕТОМЕ 
Dimethyl Ketone, Methylacetyl, Propanone-2 CH4—CO—CH4 


Acetone is a colorless, limpid, mobile, hygroscopic, flammable liquid having a mint-like odor. 


Table 12.1: Physical Properties of Acetone (47) 
Typica! Properties 


Boiling Range, 760 mm, °C 


Molecular Weight 58.08 
Color (Pt-Co Scale), max 5 Initial Boiling Point, min 55,1 
Weight/Vol. 20°C, Dry Point, max 57.1 

Ib/gal (U. S.) 6.59 Freezing Point. ^F (^C) -138 (-95) 

kg/litre 0.79 Fiash Point. Tag Closed Cup, °F (°C) -4(-20) 

1b/gal (Imperial) 7.91 Tag Open Cup, °F (°C) -2(-19) 
Solubility, 20°C, wt % Fire Point, °F (°C) -2(-19) 

Іп water Complete Flammable Limits in Air, % by volume 

Water in Complete Lower 2.6 
Evaporation Rate (n-butyl acetate = 1) 7.7 Upper 12.8 
Dilution Ratio, toluene 4.6 Autoignition Temperature (ASTM D-2155), 

VM & P naohtha 0.55 "Е (°C) 1000 (538) 

Refractive Index, 20°C 1.3589 NFPA Classification 30 IB 
Vapor Pressure, 20°C. mm Hg 180 DOT Classification Flammable Liquid 
Specific Gravity 20°/20°C 0.792 DOT Labels Required Flammable Liquid 


Table 12.2: Low Temperature Characteristics of Aqueous Solutions of Acetone (79) 
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Table 12.3: Solubllity of Various Materials in Acetone (44) 


SOLUBILITY OF SHELLACS IN ACETONE SOLUBILITY OF COPAL RESINS IN ACETONE 


ння з 





PER CENT SOLUBLE AT 
BOILING POINT OF 
ACETONE 


| PER CENT SOLUBLE AT BOILING 
! POINT OF ACETONE 


SOLUBILITY OF PART 


TYPE ғ 
SOLUBLE AT 25°C 


- im 











98.8 


Superfine orange shellac |... ... .. . |... 
Superfine ҺЕ 2 и 92.8 Congo. реж ко на 40.8 М! 
T. N. shellac, Nos too o a 95.6 Manila, soft. . 96.6 M 
T. N. shellac, No. 2. 98.8 Кеп ын 100.0 M 
A. C. garnet 1. 81.3 Хасса... 96.6 M 
tetis laes. po осека "Ок chub лана 63.0 Sandarac. .. | 97.0 М! 
dac брави D t A EE M C c ua nsnm LEE Ау бета О m 55.5 M! 
Borneo pontianac . 93.5 М! 
Batavia dammar .. 88.7 М: 
Red, accrodites. . 95.2 | м 


PERCENTAGE OF. ÁCETONE-INSOLUBLE MaTTER IN. VaRtOUs RESINS 


MA SSP Ss SS SS s AP a UE PAR a at ll, 
M-—niscible in all proportions. 
M'—miscible in concentrated solutions with separation on dilution. 


орача рр 


PER CENT [INSOLUBLE IN 










TYPE ACETONE 
Клим, рые... тз rea tebe dee bes | 8.90 SOLUBILITY OF WATER GUMS IN ACETONE 
Kauri, brown... | 38.70 
Kauri, bush. Е | «быс i 20.70 
RnD: -oe see т о а аи | Soluble Теа Ley OFACETONE е 
Burgundy pitch Voss et: | Soluble pem т 
Stockholm tar. .00 00000000, TT | Soluble Arabic gum 
ВО. боља ари зе аи ма Bathe | 9.50 Indian gum. 16.7 
Sandarae і T ; Soluble Senegal gum. 12.0 
Madagascar copal, fused . edd ees TP | 84.80 Tragacanth, Allepa. 9.2 
m ——————— IBS ÁÀ Tragacanth, Persian 8.0 

Tragacanth, Turkey. . 7.2 


SOLUBILITY OF Fars, OILS AND GREASES IN ACETONE 


SOLUBILITY OF ASPHALTS AND BITUMENS IN ACETONE 
ЧОН А cy ip cep pe ar ripe ОДН 


PER CENT SOLUBLE AT BOILING 
POINT OF ACETONE 






PER CENT 
SOLUBLE 


SOLUBILITY AT 
BOILING POINT 


MISCIBILITY 
А "C. 
15°С ОЕ АСЕТОКЕ 






TYPE 









Chinawood oi! 








Coconut oi! (refined and bleached) И жал Alberite..... Lok dpi eec УА ОСТИ ; 5.8 
Corn oil (raw). аат a Asphalt, blown, from mid-continental petroleum 56.4 
Cottonseed oil (refined and bleached)..... Bermudez pitch, refined... 62.4 
Cottonseed oi] (hydrogenated, Crisco)..... M | 100.0 M Coal-tar pitch, refined... 70.4 
Cottonseed oil (hydrogenated). ..... р. | 320 M Fatty acid pitch, soft grade... 62.4 
Cottonseed oil (steurin).... ............. | м } Fatty acid pitch, medium grade. 54.3 
Cottonseed o)l (summer)... sisi. ; M | си вејех. 25.0 
Cottonseed oil (winter) і M ráliamite: 5... seu а а ата TE 1.6 

Fish oil (herring, raw) | M | m petroleum asphalt, steam-distilled, medium 
Fish oil (hydrogenated) 35.8 M ава а а и ара ДЛЯ о 3 RAI а АСЫ Жақ 44.2 
Fish oil йй, гам).. т 99.8 M Mexican petroleum asphalt, steam-distilled, soft grade. . 64.3 

Grease, brown. m 96.4 99.8 Petroleum asphalt, steam-distilled, Californin, mediuin 
Grease, garbage. т 99.6 99.7 вгаде............... | 81.0 
Grease, white. . | m 97.3 M Residual oil from Gulf Coast... ........... ....... 61.0 

Linseed oil, raw... M ; Residual oil from steam distillation of mid-continental 
— t 2. petroleum asphalt. .. 97.2 
M—miscible in all proportions. Syrian asphalt. ...... 5.9 
42.0 


m—part soluble at 25°C igs miscible in all proportions. Trinidad pitch, refined. . 
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ИЕТ 
КЕТЕТ 
ТТТ 
095 Н---Н een ee 
RT to 
dá еы | 
5 SSS Se 
В 090 GLL а ЧЕ, 
= er Le ee 
~ па ја ч 
Е PT LASS 
= ты Кыз 
x 05 “А мым 
= ые 
о ТНГ 
о HEEECEEELIS 
Е ТЕҢГЕҢ 
о 
0.80 SEI 
5 ES 
T 
0.75 





40 50 60 70 80 90 


0 10 20 30 
ACETONE, per cent by weight 


Ketones 627 


Table 12.5: Surface Tension of Aqueous Solutions of Acetone at 25°C (79) 
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Table 12.6: Viscosity of Aqueous Acetone Solutions at 25°C (19) 
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Table 12.7: Refractive Index of Aqueous Solutions of Acetone at 25°C (79) 
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Table 12.8: Liquid-Vapor Equilibria for Aqueous Solutions of Acetone at Different Pressures (79) 
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Table 12.9: Freezing Point of Aqueous Solutions of Acetone (79) 
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Methyl ethyl ketone is a colorless, stable, mobile, flammable liquid with an odor like acetone. 


Table 12.10: Physical Properties of Methyl Ethyl Ketone (2) 


Azeotropic Mixtures 


95 by wt. 7o, by wt. В.Р, (°С) 
Methyl ethyl ketone 37.5 Benzene 62.5 78.4 
73 tert-Butyl alcohol 27 77.5 
84.7 Carbon disulfide 15.3 45.9 
29 Carbon tetrachloride 71 73.8 
40 1,3-Cyclohexadiene 60 73.0 
40 Cyclohexane 60 72.0 
12 Ethyl acetate 82 77.0 
60 Ethyl alcohol 40 74.8 
20 Ethyl sulfide 80 77.5 
70 Isopropyl alcohol 30 77.5 
52 Methyl propionate 48 79.3 
55 Propyl formate 45 19.5 
75 Propyl mercaptan 25 55.5 
45 Thiophene 55 76 
Ternary Mixtures 
В.Р. {*С) 
(1) Methyl ethyl ketone 22.2 Water 3.0 сем 74.8 65.7 
(2) 17.8 8.9 СН. 73.8 68.9 
Upper layer of (2) 19.0 0.4 80.6 
Lower layer of (2) 3.5 96.4 0.1 
Typical Properties and Specifications 
Boiling point at 7640 mm 79.6°C 
Coefficient of expansion 0.00076 per °F 
Electrical Conductivity 1.0 X 1077 ohms at 25°C 
Explosive limits 1.97%—10.2% 
Flash point (Tag Closed Cup) 25°F 
Freezing point —86.4°С 
Heat of combustion 582 Cal./mole 
Latent heat of Vaporization at 20°C 106.0 cal./g 
Refractive Index, N 20/D 1.3788 
Solubility of water in solvent at 20°C 10% by wt. 
Specific gravity at 20/20°C 0.805-0.807 
Specific heat 0.55 cal./g 
Surface tension 
0°C 26.9 dynes/sq cm 
20 246 
40 223 
75 184 
Viscosity at 15°C 0.00423 poise 
Weight per gallon at 20°C 6.72 Ibs. 
Acidity (as acetic) 0.0025 by wt. (max.) 
Distillation range (ASTM) 70°-80.5°С 
Non-volatile matter 3 mg. per 100 ml. (тах.) 
Purity 9990 
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Table 12.11: Methyl Ethyl Ketone and Water (14) 


METHYL n-PROPYL KETONE 


Pentanone -2 


6 


Wt. per 





cett Methyl Ethyl Ketone 


Vapor and Liquid Compositions at the Boiling Point 


Pressure == | Atm. 


CH3*CO*CH СН 


Commercial methyl n-propyl ketone, produced synthetically by dehydrogenation of the corresponding 
alcohol, consists of a mixture of methyl n-propyl and diethyl ketones in the approximate ratio of 

3 to 1, and contains at least 97% of these ketones, the balance being secondary amyl alcohol. it is 
a colorless liquid, soluble in alcohol and ether but only very slightly soluble in water. 


Table 12.12: Properties of Methyl n-Propyl Ketone (41) 


Моесшаг Weight (СаН 00) 
Branched-Chain Ketones, wt % (тах) 
Color (Pt-Co Scale), max 
Evaporation Rate (n-butyi acetate = 1) 
Weight/Vol at 20°C 

Ib/gal (U.S.) 

kg/L 

Ib/ga! (Imperial) 
Solubility at 20°C, wt % 

In water 

Water tn 
Ditution Ratio, toluene 

УМ & Р naphtha 
Refractive Index at 20*C 
Vapor Pressure at 20°C, mm Hg 


Typical Properties 


86.13 
10 

15 
2.3 


6.72 
0.81 
8.06 


Specific Gravity at 20°/20°C 0.807 
Boiling Range at 760 mm, °C 
Initial Boiling Point, min 101 
Dry Point, max 105 
Freezing Point, °F (°C) -122 (-86) 
Flash Point, Tag Closed Cup, °F (°C) 46 (8) 
Tag Open Cup, °F (°C) 50 (10) 
Fire Point, °F (°C) 50 (10) 
Flammable Limits in Air, % by volume 
Lower, at 94°F (34°C) 1.56 
Upper, at 144°F (62°C) 8.7 
Autoignition Temperature (ASTM D 2155), °Е (°С) 840 (449) 
NFPA Classification 30 1B 


DOT Classification 
DOT Labels Required 


Flammable Liquid 
Flammable Liquid 


(continued) 


Table 12.12: (continued) 


Comparison of Solvent Power 
MPK vs Other Soivents 









Solution Viscosity at 25°C, cP (mPa - 5) 


RS /-бес а Efvacite 2010 с 
ui ие КАК јона Е А б d ки 
RENTEN RENTEN 


Па 
se a 
-_ #28 |. 4 | и | 
мака ава СН 














“an Eastman product 
“product of Du Pont Company 
“product of Union Carbide Corparation 


METHYL n-BUTYL KETONE 


Hexanone-2 СНЗз "СО -С4Но 


Ketones 631 


Methyl n-butyl ketone is a colorless liquid, freely soluble in alcohol and ether but very slightly soluble 


in water. 


Table 12.13: Properties of Methyl n-Butyl Ketone (47) 


Molecular Weight (C, H,20) 100.16 Water, wt % 
Melting Point, °C -56.9 Branched-Chain Ketones, max, wt % 
Boiling Point, °C, 760 mm 127 Refractive Index, 20°C 
Evaporation Rate (n-butyl acetate = 1) 1.0 Flash Point (Tag Closed Cup), ^F (C) 
Weight/Vol, at 20°C (Tag Open Cup), °F (СС) 
Ib/gal. (U.S.) 6.75 Fire Point, ?F (^C) 
kg/liter 0.81 Flammable Limits in Air, % by volume 
Ib/gal. (Imperial) 8.10 Lower 
Solubility, 20°C, wt % Upper 
In water 1.4 Autoignition Temperature (ASTM D-2155), 
Water in 2.1 °F СС) 
Dilution Ratio, toluene 4.0 NFPA Classification 30: 
VM & P naphtha 1.1 
Color (Pt-Co Scale), ppm 5 ICC Labels Required 
Acidity, as acetic acid, wt % 0.01 Bureau of Explosives Classification 


0.05 

5 

1.3969 
77 (25) 
83 (28) 
86 (30) 

1.3 

8.0 

795 (424) 


Flammable Liquid, 
Class IC 

None 
Nonhazardous 
Liquid 


Several of the solvent characteristics of Methyl n-Buty! Ketone are listed in the following 
table. Similar values for other solvents are included for comparison. 


2product of Hercules, Inc. 


Solution Viscesity, 25°C, cp 
Biush Res., 


Eastman Solvent в % R.H. 9 RS. %-Sec 
80°F (27°C) Ceilulose Nitrate? 


Methyl n-Buty! Ketone 
Methyl isobutyl Ketone 


Isobutyl Acetate 


n-Butyl Acetate 


product of Firestone Plastics Co. 





Cproduct of E. I. du Pont de Nemours Co., Inc. 
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Table 12.14: Solubillty of Dry Half-Second R.S. Nitrocellulose in a System of Methyl Butyl Ketone-sec- 
Butanol-Toluene (2) 


Метно. Вите МЕТОМЕ 
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д 
ох 
(Ы, 
VM X 
К СК Л 


sec -BurAmoc 706 VE NE 





METHYL ISOBUTYL KETONE 


Hexone, 4-Methylpentanone-2, 2-Methyl -4-Pentanone CH4:CO*C4Hg 

Although first prepared in 1849, methyl isobuty! ketone was not made synthetically and on a large scale 
until the last decades. It isa stable, colorless liquid classified as a medium boiler. It is miscible with 
most organic solvents and with mineral and vegetable oils. When compared with butyl acetate its rate of 
evaporation is somewhat faster so that it can either replace esters or be combined with them. Its rate of 
evaporation is somewhat faster than that of butyl acetate. It is used in the vinyl type resins for coatings 
where it helps to prevent gelling and lowers viscosity, in nitrocellulose lacquer manufacture, in extrac- 
tion processes and in chemical synthesis. It may be used in dewaxing oils. 


Table 12.15: Properties of Methyl Isobuty! Ketone (47) 


Typical Properties 


Molecular Weight (Сен: 20) 100.16 
Color (Pt-Co Scale), max 10 
Weight/Vol at 20°C, 
Ib/gal (U.S.) 6.67 
kg/L 0.80 
Ib/gal (Imperial) 8.00 
Solubility at 20° C, wt % 
In water 2.0 
Water in 1.0 
Evaporation Rate (n-butyl acetate = 1) 1.6 
Dilution Ratio, toluene 3.5 
VM & P naphtha 1.0 
Refractive Index at 20°C 1.3958 
Vapor Pressure at 20°C, mm Hg 15 
Specific Gravity at 20° /20°C 0.802 
Boiling Range at 760 mm, °C 
initial Boiling Point, min 114 
Ory Point, max 117 
Freezing Point, °F (°C) -119 (-84) 
Flash Point. Tag Closed Cup, °F (°C) 60 (16) 
Tag Open Cup, °F (°C) 68 (20) 
Fire Point, °F (°C) 70 (21) 
Flammable Limits in Air, % by volume 
Lower, at 200°F (93°C) 1.22 
Upper. at 200° F (93°C) 7.96 
Autoignition Temperature (ASTM D-2155), °F (°C) 840 (449) 
ІВ 


NFPA Classification 30 
DOT Classification 
DOT Labels Required 


Flammable Liquid 
Flammable Liquid 
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Table 12.15: (continued) 


Several of these solvent characteristics of MIBK are listed in the following table. Similar values for other solvents are 
included for comparison. 


Solution Viscosity at 25°C, cP (mPaes) 


RS '2-Sec FPC Elvacite 
Cellulose N'trate* 470 Resin? 2010 Resin* 
20 Wt/% 


Blush Res.. 
% ЯН. @ 


Eastman Sotvent 80* F (27° С) 


Methyl Isobutyl Ketone 
Isobutyl Acetate 
n-Butyl Acetate 





? Product of Hercules Incorporated 
"Product of Firestone Plastics Company 
* Product of Du Pont Company 


Table 12.16: Solubllity of Miscellaneous Materials in Methyl Isobutyl Ketone at 20° їо 25°С (2) 


Soluble, Over 595 by Weight Concentration 


Acid 
Oleic (Technical Red Oil) 


Oils 
Castor, Refined Raw 
Cottonseed, Raw 
China Wood 
Coconut, Crude 
Fish, Processed 
Linseed, Purc Raw 
Mineral, 70/80 viscosity 
Pine 
Soybean, 2-3 viscosity 


Trade Name 


Amberlac 80-Х 
Amberol 801 
Arochem 519 
Aroclor 1260.............. 
Ваке ће ВЕ-254........... 
No. 1 Solid Beckosol 
ВесКово! 1313 
Beetle 227-8............... 
Cellolyn 102 
Ester gum................ 
Ethyl methacrylate 
Glyptal 2477 
Melmac 245-8............. 
Neville R-21 (soft). ...... 
МеуШке1................ 
Nitrocellulose............. 
Рапоп Х (20 сра.)........ 
Рћепас 608................ 
Santolite K 
Saran F-120 
Teglac Z-152 
Vinylite AYAF............ 
Vinylite VMCH 





ааа ааа а 
II 


Vinylite VYHH 


"з ао» жа а ж ж ж к 





Gums 
Elemi 
Kauri (Pale Bold) 
Mastic 
Pontianak 


Resins, Natural 
Dammar (dewaxed) 
Batavia 
Singapore 
Light Rosin 
Sandarac 





RESINS, SYNTHETIC 





Type 


Modified drying type phthalic alkyd 


Rosin modified maleic alkyd 
Modified maleic 

Chlorinated diphenyl 
Non-heat-hardening 100% para-pheny!phenol resin 
Phenolic modified drying type alkyd 
Drying type alkyd 

Unmodified urea-formaldehyde 
Modified rosin ester 

Rosin ester 

Acrylic ester 

Non-drying type alkyd 

Unmodified melamine-formaldehyde 
Unmodified coumarone-indene 


.Naphthene polymers 


Cellulose eater 

Chlorinated rubber 

Modified phenolic 
Alkyl-arylsulfonamide-formaldehyde 
Vinylidenechloride-acrylonitrilecopolymers 
Hydrogenated rosin ester 

Rosin modified maleic alkyd 

Polyvinyl acetate 

Maleic modified vinyl chloride-vinyl acetate copoly- 
mers 

Vinyl chloride-vinyl acetate copolymers 


ита начи лаат A й 
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METHYL n-AMYL KETONE 


Нергапопе-2 


СН. (Сн) “СО "CH, 


This ketone is a colorless, stable liquid, miscible with most lacquer solvents and only very slightly soluble 
in water. It is used as a high-boiling solvent for nitrocellulose and is particularly applicable in vinyl resin 
finishes, where its slow rate of evaporation prevents quick drying, improves the flow and gives blush resis- 
tance; also used with some effect in insecticidal preparations. 


Table 12.17: Properties of Methyl n-Amyl Ketone (41) 


T ypical Properties 


Specific Gravity at 20°/20°C 


Molecular Weight (C; H4,40) 114.19 
Branched-Chain Ketones. wt % max 2.0 Boiling Range at 760 mm. °C 
Color (Pt-Co Scaie), max 10 Initial Boiling Point. min 
Evaporation Rate (n-buty! acetate = 1) 0.4 Drv Point. max 
Weight/Vol. at 20°C Freezing Point, °F CC) 
Ib/gal (U. S.) 6.80 Flash Point, Tag Closed Cup, ^F (^C) 
kg/L 0.81 Tag Open Cup. °F (°C) 
Ib/ga] (Imperial) 8.16 Fire Point. ^F (^C) 
Solubility at 20°C, wt % Flammable Limits in Air, € by volume 
In water 0.46 Lower, at 150?F (66°C) 
Water in 1.31 Upper, at 250°F (121°C) 
Dilution Ratio, toluene 3.9 Autoignition Temperature (ASTM D 2155), °F СС) 
VM & P naphtha 1.2 NFPA Classification 30 
Refractive Index at 20°C 1.4085 DOT Classification 
2.14 DOT Labels Required 


Vapor Pressure at 20°C, mm Hg 


COMPARISON OF PROPERTIES OF HIGH-BOILING SOLVENTS 
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5 “product of Union Carbide Corporation 











4 product of Hercules Incorporated an Eastman product 


METHYL ISOAMYL KETONE 


MIAK 


CH3—CO —C5H11 


0.817 


149 
153.5 
-27 (-33) 
102 (39) 
114 (46) 
115 (46) 


1.11 

7,9 

740 (393) 

П 

Combustible Liquid 
None 


MIAK is a retarder solvent, having an evaporation rate of 0.5, but it also possesses exceptional solvent power 
for most film-formers. In lacquers, the low evaporation rate of MIAK promotes good flow and leveling proper- 


ties; whereas the high solvency provides !ow viscosities or permits a higher nonvolatile content. 


Table 12.18: Properties of Methyl Isoamyl Ketone (41) 


Typical Properties 
Boiling Range, 760 mm, °C 


Molecular Weight (C;H,40) 114.19 
Color (Pt-Co Scale), max 10 Initial Boiling Point, min 
Weight/Vol, 20°C, Dry Point, max 
]b/gal (U. S.) 6.76 Freezing Point, °F (C) 
kg/litre 0.81 Flash Point, Tag Closed Cup, °F СС) 
Ib/gal (Imperial) 8.14 Tag Open Cup, °F (°C) 
Solubility, 20°C, wt % Fire Point, °F СС) 
Іп water 0.5 Flammable Limits in Air, % by volume 
Water in 12 Lower, at 200°F (93°C) 
Evaporation Rate (n-buty] acetate = 1) 0.5 Upper, at 200°F (93°C) 
Dilution Ratio, toluene 41 Autoignition Temperature (ASTM D-2155), °F (^C) 
VM & P naphtha 1.2 NFPA Classification 30 
Refractive Index, 20°C 1.4069 DOT Classification 
Vapor Pressure, 20°C, mm Hg 45 DOT Labels Required 
Specific Gravity, 20°/20°C 0.814 


14] 

148 

-101 (-74) 
96 (36) 
106 (41) 
107 (42) 


1.05 

8.2 

795 (425) 

IC 

Flammable Liquid 
Flammable Liquid 
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Table 12.18: (continued) 
















Solution Viscosity, 25 C, cP 
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“product of Du Pont Company 






Table 12.19: Properties of Methyl Isoamy! Ketone vs Other Solvents (41) 


Blush Flash Boiling 
Difution Resistance, Specific Point, Range, 
Evaporation Ratio 96 R.H. at Gravity, Tag Open 760 mm., 
Solvent Rate (Toluene) BO°F. 20/20°C. Cup, °F. °C. 
Methy! ізобиїуї 
ketone 1.6 3.6 78 0.8018 73 114-117 
Isobutyl acetate 1.4 2.7 78 0.8728 90 114-118 
n-Butyl acetate 1.0 2.7 82 0.8109 100 116-118 
Amyl acetate 0.6 2.4 92 0.862 93 100-150 
MIAK 0.50 4.1 92 0.813 110 141-148 
Мегћу! ату! acetate 0.5 L7 92 0.8595 110 143-150 
2-Ethoxyethanoi 0.3 4.9 65 0.9311 130 132-136 
4-Methoxy-4-methyl- 
pentanone-2 0.3 3.1 91 0.904 141 147-163 
Ethyl amy! ketone 0.2 2.2 94 0.822 135 156-162 
2-Еећохуе ћу! 
acetate 0.2 2.5 91 0.9748 150 145-165 
4-Methoxy-4-methyi- 
pentanol-2 0.2 4.7 93 0.890 140 164-169 
Cyclohexanone 0.2 5.8 92 0.945 129 153-160 
2-Butoxyethano} 0.06 3:33 96 0.9019 165 166-173 
Isophorone 0.03 6.2 97 0.9229 205 205-220 


Table 12.20: Butyrate-Acrylic Wood Lacquer—Substituting lsoamy! Ketone for 2-Ethoxyethy! Acetate (41) 


Part A 


Part B 


Ingredients 


Half-Second Butyrate 

Acryloid B-66 resin (40%)! 
Santicizer 160 plasticizer? 
Dow-Corning 510 (1000 cs.) fluid? 
Eastman Inhibitor DOBP* 
Toluene 

Isobuty! acetate 

isobuty! alcoho! 


Methyl ethyl ketone 


MIAK 
2-Ethoxyethy! acetate 





100 100 100 
Solids, % | 20.12 20.12 20.12 
Viscosity, CD. uo vec n a ao о 45 50 42 
Wt igale ID ОРТЕН ТИИ 7.45 7.51 7.50 
Fiow out excellent excellent į excellent 


! Product of Rohm and Haas Company 
зРгодис! of Monsanto Chemical Company 


3Product of Dow Corning Corporation 
42-Hydroxy-4-dodecyloxy benzophenone 
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METHYL HEXYL KETONE 
Осіапопе-2 CH3(CH2)5CO-CH3 
A colorless liquid with a characteristic odor, methyl hexyl ketone is used as a solvent for vinyl compounds 


and dyes, and has been found particularly suitable in dispersing dyes in light petroleum oils for newsprint 


inks. 


Tabie 12.21: Properties of Methyl Hexyl Ketone (2) 


Purity | 95%, min. 
Specific gravity at 20°C. 0.81-0.83 
Weight per gallon at 20°C. 6-8 lbs. 


METHYL HEPTYL KETONE 


MHK CH,CCH,CH,CHCH,CH,CH; 
5-Methy|-2-Octanone i Н, 


Methyl hepty! ketone, a high=boiling, active solvent, imparts desirable drying characteristics in many 
high-temperature baked coatings. 


Table 12.22: Properties of Methyl Heptyl Ketone (47) 


Molecular Weight (C,H,,0), calcd 142.24 Color (Pt-Co Scale), ppm 5-25 
Melting Point, °C -9 Acidity, as acetic acid, wt % 0.018 
Boiling Range, °C, 760 mm 183-195 Water, wt % 0.01-0.05 
Evaporation Rate (n-butyl acetate = 1) 0.08 Flash Point (Tag Closed Cup), °F (°C) 140 (60) 
Weight/Vol, at 20°C (Tag Open Cup), °F (°C) 160 (71) 

Ib/gal (U.S.) 6.87 Fire Point, °F (°C) 168 (76) 

kg/liter 0.83 Flammable Limits in Air, % by volume 

Ib/gal (Imperial) 8.59 Lower (at 180?F) 0.9 
Solubility, 20°C, wt % Upper (at 313°F) 5.9 

In water 0.5 Autoignition Temperature (ASTM D-2155), °F (°C) 680 (360) 

Water in 0.95 NFPA Classification 30: Combustible Liquid, 
Dilution Ratio, toluene 3.0 Class ША 

VM & P naphtha 1.0 ICC Labels Required None 
Refractive Index, 20°C 1.422 Bureau ^f Explosives Classification Nonhazardous Liquid 


Dilution Ratio Blush Res, 
% RH @ Sp Gr Lb/gal 


VM &P 9 (979 20°/20°С | @20°C 
Toluene Naphtha 80 Ғ(27 С) 


EKTASOLVE® £B Solvent” | | за | 21 | % | 0.902 7.51 
3.0 10 97 6.87 
Isophorone | 003 | 62 ]| 1 97 0.922 7.68 





*EKTASOLVE FB (ethylene glycol monobutyl ether) is an Easrnian product. 


ETHYLBUTYL KETONE 


Heptanone-3 


Ketones | 637 


CoH5COCH24CH4CH2CH4 


Ethylbuty! ketone is a stable, high-boiling solvent of special value in lacquers and synthetic resin coatings. 
Its evaporation rate in relation to those of comparable solvents is indicated in the following tabulation: 


Sol vent 


Methyl isobutyl ketone 
Butyl acetate 
Ethylbuty! ketone 
Amyl acetate 
Methylamyl acetate 
Methylamy! ketone 
“Cellosolve" acetate 
Diisobuty! ketone 


Hours 


4.5 

8 
14 
16 
17 
20 
38 
44 


The unusual combination of good solvent power with medium evaporation rate makes ethylbutyl ketone 
generally useful for coating solutions having adequate flow without unduly long drying time. It bakes 


out of films somewhat faster than other comparable ketones. 


Table 12.23: Properties of Ethylbuty! Ketone (2) 


Boiling point 

Freezing point 

Coefficient of expansion at 20°C, 
Flash point 

Solubility in water at 20°C. 
Solubility of water in at 20°C. 
Refractive index at 20°C. 
Specific gravity at 20/20°C., 


ETHYL AMYL KETONE 


EAK, 5-Methy!-3-Heptanone 


147.8?C. 
-36.7°С. 
0.00107 
125°F. 
0.43% by wt. 
0.78% by wt. 
1.4085 
0.8197 


П cs 
CHCH, B C г сн,снсн;сн;, 


Ethyl! amyl ketone, a high boiling ketone, is a 
colorless, stable liquid with a mild pleasant odor. 
It is compatible with alcohols, ethers, other 
ketones and organic liquids, and in addition, ex- 
hibits low water miscibility. Ethyl amyl ketone's 
high solvency for cellulose esters, vinyl polymers 


Table 12.24: Properties of Ethyl Amyl Ketone (74) 


Apparent specific gravity. 20/20°C............. 0.820-0.824 
29/25 bv oe 0.816-0.820 
Союг, Рї-Со, Мах ............................ 25 
156-162 


Овинайоп гапде, С нн: 


and copolymers, synthetic and natural protective 
coating resins, coupled with its slow evaporation 
rate, high biush resistance and good diluent 
tolerance makes it a valued surface coating raw 
material. 


Acidity (aS acetic acid}, % му, Мах ............. 0.01 
Water, % w. Max. ..... пао она и ом 0.15 
Aiconoi {as ethyl amyl carbinol), % w. Max..... 0.50 
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Di-n-PROPYL KETONE 


Heptanone-4, Butyrone, Amyl Ketone (СНЗСН2 СН) 2 СО 

Di-n-propy! ketone is a colorless, stable liquid having a pleosant odor. It is miscible with many organic 
solvents, and dissolves a wide variety of materials, some of which are crude rubber, nitrocellulose, raw 
and blown oils, many natural and synthetic resins like dewaxed dammar, manila, rosin, ester gum, 

and waxes. 


Table 12.25: Properties of Di~-n-Propyl Ketone (2) 


Boiling point 
Coefficient of expansion 


143.7°С. 


0.001073 (рег °С.) ю 20°С. 
0.001115 (рег °С.) ю 55°С. 


Dilution ratio ("Kemsolene") 0.8 

(Toluene) 3.1 
Flash point (ASTM Open Cup) 49°C, 
Freezing point -32.1°С. 
Heat of combustion 1051 са! ./тої 


Latent heat of vaporization 
Solubility in water at 20°C. 


Solubility of water in solvent at 20°C. 


Specific gravity at 20/20°C. 
Refractive index at 20°C, 
Specific heat at 25°C. 
Surface tension at 25°C. 


75.8 cal./g. 
0.53% by wt. 
1.27% by wt. 
0.8162 
1.4068 
0.553 са!./9. 


25.2 дупез/за. ст. 


Vapor pressure at 20°C. 5.2 mm. Hg 

Viscosity at 20°C, 0.0074 poise 

Weight per gallon at 20°C. 6.79 lbs. 
DIISOBUTYL KETONE 

Valerone (САНоСО 


A water-white, stable liquid, miscible with most organic liquids, diisobutyl ketone has good solvency for 
cellulase acetate, nitrocellulose, vinyl resins, waxes, gums, natural and synthetic resins, and crude rubber. 
It is used principally as a high-boiler in nitrocellulose lacquers and vinyl resin coatings, where its slow 
evaporation rate is advantageous. 


Table 12.26: Properties of Dilsobuty! Ketone (41) 


Typical Properties 


Molecular Weight (Cy H,,0) 142.23 


Boiling Range, 760 mm, °C 


Соїіот (РІ Со Scale), max 20 Initial Boiling Point, min 163 
Evaporation Rate (n-butyl acetate = 1) 0.2 Dry Point, max 173 
Weight/Vol, 20°C, Freezing Point, °F CC) , —43 (~42) 
Jb/gal (U. S.) 6.76 Flash Point, Tag Closed Cup, ЕСС) 120 (49) 
kg/liter 0.81 „Та Open Cup, °F CC) 131 (55) 
]b/gal (Imperial) 8.11 Fire Point, °F Сс) 137 (58) 
Solubility, 20°C, wt % Flammable Limits in Аш, % by volume 
In water 0.05 Lower, at 200 F (93 С) 0.81 
Water in 0.75 Upper, at 200°F (93°C) f 7.1 
Dilution Ratio, toluene 1.5 е (ASTM D-2155), °F CC) | (396) 
0.8 NFPA Classification 30 
Refractive "her EE 1.4230 DOT Classification Combustible Liquid 
Vapor Pressure, 20°C, mm Hg ЕЛ DOT Labels Required None 
0.807-0.814 


Specific Gravity, 20°/20°C 


(continued) 
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Table 12.26: (continued) 


Емар Blush Res., - 
'| Фа не RS. %-бес ЕРС E/vacite 
Rate 80°F (27°C) | Cellulose Nitrate, | 470 Resin®, | 2010 ВезіпЬ, 
10 Wt/% 20 Wt % 20 Wt % 


a е | и | во 
| мепугату денне ____05]| ој а | кш | me 
ООО ОС ОО ОИ ООС И | me | ы” 
ООО СЕ ООС | woo j s | ime _ 


b product of E. I. du Pont de Nemours Co., Inc. 





“product of Firestone Plastics Company 


CYCLOHEXANONE 


"Sextone", “Anon", Pimelin Ketone, Keto Hexamethylene 


Cyclohexanone is a colorless to pale yellow, stable liquid with an odor suggestive of peppermint. It is made 
by the dehydrogenation of cyclohexanol. It is miscible in all proportions with most solvents, especially the 
common lacquer solvents and diluents, hydrogenated and chlorinated hydrocarbons, phenols, pyridine, and 
turpentine. It is a good solvent for cellulose ethers, esters, basic dyes, latex, fats, blown oils, waxes, 
crude rubber, and such gums and resins as ester gum, alkyds, vinyls, coumarone, 100% and modified phenol 
resins, cyclohexanone resins and many natural resins. it forms constant-boiling mixtures with camphor, 
tetrachloroethane, and trichloropropane. It has a very high dilution ratio as compared with the coal -tar 
hydrocarbons, a fact which accounts for its excellence as a solvent, especially in the lacquer industry. 


Its low rate of evaporation and strong solvent powers impart blush resistance, good flow and working qualities 
to lacquers and give films that are clear, smooth and glossy and show good adhesion. It is also used in spray- 
ing and brushing lacquers and as a medium boiler. It is particularly effective for blending nitrocellulose with 
spirit-soluble and hydrocarbon-soluble resins and oils. Its solvency for basic dyes makes it applicable in 
wood stains, Other uses are in the air-drying and stoving type of synthetic resins, in plastics and molding 
powders, in paint and varnish removers, in spot and stain removers, in metal-degreasing preparations, in 
polishes, printing inks, as a leveling agent in dyeing, in delustering cellulose acetate, insecticides and 
pharmaceuticals. 


Table 12.27: Properties of Cyclohexanone (2) 


Boiling point 155.6?C. 

Color Water-white to pale yellow 
Dielectric constant at 25°C. 18.2 

Evaporation rate, approximate (toluene = 100) 20 

Flash paint (open cup) 130?Е. 

Freezing point -45°С. 

Solubility in water at 20°C. 8.7% 

Specific gravity at 20°C. 0.944 - 0.950 


Specific heat 15° to 18°C. 


Refractive index 


0.433 cal./g. 
1.443-1.451 


Viscosity (SUV at 100°F.) 33 

Weight per gallon at 20°C. 7.9 lbs. 

Acidity Neutral 

Distillation range 9596 within 151° =157°C. 
Purity 98 - 100% 

Residue 0.02% 

Water content 0.2% max. 


640 Industrial Solvents Handbook 


Table 12.28: Resin Solubility in Cyclohexanone (79) 
















Heptane 
Dilution 


Toluene 
Dilution 


Viscosity 
at 25°C., 






Manufacturer 






(2) 





(2) 





Acrylic 
"Acryloid'' B-82 Rohm & Haas 32 >50 2 
“Е|масие” 2010 DuPont 54 >50 7 
Cellulosics 
Cellulose Acetate AB-141-95 
(14% acety!) Eastman 9200 28 6.5 
Cellulose Acetate Butyrate 
EAB-171-2 (17% butyryl) Eastman 892 34 9.5 
Cellulose Acetate Butyrate 
ЕАВ-381-20 (37% Бигугу!) Eastman 5060 >50 14 
Ethyl Cellulose (N-22, 24 sec.) Hercules 1408 >50 23 
Half Second Butyrate AB-H Eastman 242 >50 17 
"Hercose'' “C Type A Hercules 806 38 8.5 
Nitrocellulose (RS 172 sec.) Hercules 218 »50 10.5 
Styrene 
Polystyrene -- 96 >50 24 
____ SMA 4000A Sinclair 19 >50 14.5 
Vinyl 
BAKELITE Vinyl Resin AYAF UCC 74 »50 7 
BAKELITE Viny! Resin VYHH UCC 68 >50 14.5 
BAKELITE Vinyl Resin XYHL UCC (3) - - 
“багап" Е-120 (1000 ср.) Dow 484 21 6.5 
Ероху 
BAKELITE Epoxy Resin EKR 2002 UCC 21 > 50 9.5 
Urethane 
"Estane'' 5701F1 Goodrich 282 14 4.5 
"Estane'' 5707F 1 Goodrich 388 6 2 
Rosin-Ester 
"Атђего!"' 801 LT Rahm & Haas 14 >50 19 
"СеПо!уп"' 104 Hercules 20 >50 «1 
Melamine-Formoldehyde 
““Cymel’’ 300 Am. Cyanamid 16 >50 >50 
Alkyd 
"Весказо!'"' # 7 Reichhold 28 >50 47 
'""Веска5о!'"' #31 Reichhold 25 >50 >50 
Rubber 
"Рагіоп" 5-20 (18 cps.) Hercules 46 >50 22 
“Руа не" 5-5 Goodyear 56 >50 30 
Phenolic 
BAKELITE Phenolic Resin BKR 2620 UCC 23 16 5.5 
Phenoxy 
BAKELITE Phenoxy Resin PKHH UCC Insoluble - - 


(1) 1C grams resin, 90 grams cyclohexanone 
(2) 10 grams of 10% resin solution, titrated with diluent (in mi.) 
(3) Partially soluble 
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METHYL CYCLOHEXANONE 


Methyl "Anon", "Sextone" B 


Meta Para 


Methyl cyclohexanone is a water-white to pale yellow liquid with an acetone-like odor. It is a mixture of 
two isomeric cyclic ketones made by the dehydrogenation of methyl cyclohexanol. It closely resembles 
cyclohexanone in its physical properties, miscibility, tolerance for non-solvents and solvent action. | 
differs from cyclohexanone in its somewhat slower evaporation rate and lower dilution ratios with aromatic 
hydrocarbons. Methyl cyclohexanone is especially suitable for phenolic and alkyd resins, crude rubber, 
nitrocellulose, ester gum and kauri. It is also an excellent agent for blending pyroxylin with resins, oils 
and rubber in lacquers. It is used in crystalizing lacquers, where its low evaporation rate retards evapora- 
tion sufficiently to permit crystal growth. It is also used in slow-setting varnish removers and in rubber 


cements. 


Table 12.29: Properties of Methyl Cyclohexanone (2) 


Boiling point 169.0? -170.5?C, 

Evaporation rate (approximate) (toluene = 100) 20 

Flash point 3376. 

Freezing point -70°С. 

Refractive index at 25°C. 1.442 - 1.446 

Solubility in water at 20°C. 2 - 390 

Specific gravity at 25/4°C., 0.910-0.914 

Viscosity (SUV at 100°F.) 33 

Weight per gallon 7.6 lbs. 

Distillation range 165.0? -172?C. 
9596 distills within 3.0? 

Purity 98 - 10096 

Residue None 


Water content 


0.296, max. 


METHYL ACETONE 
Methyl Ketone 
Methyl acetone is a clear, colorless, flammable, volatile liquid, obtained from the product of the de- 


structive distillation of wood. Although it varies in composition it is generally composed of acetone 35 to 
6096, methanol 20 to 4096, and methyl acetate 20 to 3096. 
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DIACETONE ALCOHOL 
Diacetone | E 
4-Hydroxy-4-Methylpentanone-2 CH,—C—CH,—C-— CH, 
"Ругапіоп А" di 


Diacetonyl Alcohol 


Diacetone alcohol is a flammable liquid that is colorless when pure, becoming yellow on aging; it has a 
mint-like odor. Made by the condensation of acetone, the commercial product contains up to 15% of 
acetone. For this reason the technical product is superior in its solvent power to the acetone-free grade. 
It is miscible with most organic liquids, as well as with water. It is a good solvent for cellulose acetate, 
nitrocellulose, cellulose acetobutyrate, cellulose acetopropionate, hydrocarbons, oils, fats, resins, gums 
and dyes. It has only limited solvency for dammar gum, polyvinyl acetate and the petroleum resins. A 
high-boiling solvent, diacetone alcohol also exhibits the desirable properties of reducing the viscosities 
of organic solutions of high solids content, and of minimizing temperature effects on viscosities. In most 
respects it is quite similar to acetone with the exception of a very much slower rate of evaporation 


It is used in cellulose ester lacquers, particularly of the brushing type, where it produces brilliant gloss 
and hard film and where its lack of odor is desirable. It is used in lacquer thinners, dopes, wood stains, 
wood preservatives and printing pastes; in coating compositions for paper and textiles; in making artificial 
silk and leather; in imitation gold leaf; in celluloid cements; as a preservative for animal tissue; in metal- 
cleaning compounds; in the manufacture of photographic film; and in hydraulic brake fluids, where it is 
usually mixed with an equal volume of castor oil 


Diacetone alcohol is available in two grades: technical, containing up to 15% acetone, and acetone-free. 


Table 12.30: Physical Properties of Acetone-Free Diacetone Alcohol (2) 


Boiling point at 760 mm. 167.9°С. 
Coefficient of expansion (Cubical) 0.000533 рег °F. 
Color Water-white to light straw 
Flash point (open cup) 144?Е. 
Heat of combustion 8,601 саї./9. 
Melting point =47°C 
Specific gravity at 20/20°C. 0.937 - 0.946 
Refractive index at 20°C. 1.4235 
Viscosity (Saybolt) 

113 seconds at “12°C. 

674 seconds at -30°С. 

1, 980 seconds at -489С, 
Weight per gallon at 20°C. 7.83 lbs. 
Acidity (as acetic) 0.0596 
Distillation range at 760 mm. 

Below 135°C. None 

Below 158°C. Not more than 5% 

Above 170°C. None 


Nonvolatile matter 


ACETONYL ACETONE 


Hexanedione-2, 5 


0.005% by wt. (max.) 


Acetonyl acetone, a diketone, is a water-white liquid with an agreeable odor. It is completely soluble in 
water, almost entirely soluble in such substances as toluene, kauri gum and rosin, and only partly soluble in 
raw linseed oil, shellac, dewaxed dammar and ester gum. It has been suggested as an intermediate in the 
manufacture of rubber accelerators, dyes, inhibitors, insecticides, and pharmaceuticals and for the preparatic 
of derivatives of thiophene, furan and pyrrole. It may also be employed in tanning hides and skins. 


Table 12.31: Properties of Acetonyl Acetone (2) 


Boiling point 

Dilution ratio (xylene) 
Flash point 

Specific gravity at 20/20°C. 
Solubility in water at 20°C. 
Vapor pressure at 20°C. 
Weight per gallon at 20°C. 
Acidity (as acetic) 

Boiling range at 760 mm. 
Purity 

Water 


MESITYL OXIDE 


4-Methyl -3-Pentenone -2 
Isopropylidone Acetone 
Methyl Isobutenyl Ketane 


Ketones 643 


191 .4?С. 

1.8 

158?Е. 

0.9710-0.9760 

Complete 

0.5 mm. Hg 

8.10 Ibs. 

0.02096 by wt., mox. 

185° to 195°C. 

98.0% by wt., min. 

Miscible with 19 vol. 60° Bé 
gasoline at 20°C. 


(CH3)gC=CH СО: СНа 


Mesityl oxide is an unsaturated, medium-boiling ketone made by the dehydration of diacetone alcohol. 

It is a calorless to straw-yellaw, oily liquid with a peppermint-like odor. It will darken and form a solid 
residue on exposure and aging. It is miscible with most organic liquids and it is a good solvent for such 
substances as nitrocellulose, ethylcellulose, low-viscosity cellulose acetate, polyvinyl chloride, vinyl 
resins, hydrocarbons, raw linseed oil, kauri gum, rosin, ester gum and synthetic rubber. It will only partly 


dissolve shellac and dewaxed dammar. 


Mesityl oxide is used in lacquers and thinners where its presence in the solution lowers the viscosity and 
gives it both a high tolerance for hydrocarbons and resistance to humidity. Its excellent solvent power for 
gums and resins is especially applicable in vinyl-type resins, where it produces films that are tough, glossy 
and have good flow; its presence permits use of larger proportions of aromatic hydrocarbon diluents. 


Table 12.32: Properties of Mesityl Oxide (2) 


Boiling point at 760 mm. 
Coefficient of expansion 
Color 

Dielectric constant at 20°C, 
Flash point (Tag closed cup) 
Heat of combustion 

Heat of vaporization 
Melting point 

Solubility in water at 25°C. 


Solubility of water in solvent at 20°C. 


Specific gravity at 20/20?C. 
Specific heat (21 - 121°C.) 
Refractive index at 20°C. 
Vapor pressure at 20°C. 
30°C. 
40°C. 
Viscosity at 25°C. 
Weight per gallon at 20°C. 
Acidity (as acetic) 
Distillation range (ASTM) 


Purity 
Water 


129,59С, 

0.000599 рег “Е. 

Straw-yellow 

15.4 

83°F. 

846.7 Cal. per mol 

85.9 са! ./9. 

-59°С. 

3.4% by vol. 

3.4% by wt. 

0.853 - 0.856 

0.521 cal./g. 

1.4456 

8.0 mm. Hg 

14.3 mm. Hg 

24.5 mm. Hg 

8.79 millipoises 

7.12 Ibs. 

0.0596, max. 

Below 120°C. None 

Above 135°C. None 

More than 95% distills over be- 
low 131°C. 

95% by wt., min. 

Miscible without turbidity with 19 vols. 
of 60° Bé gasoline at 20°C. 
(approx. 0.2096 by wt.) 
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ISOPHORONE 


3, 5, 5- Trimethyl cyclohexene-2-one -1 


СНз— (СН3)9 


Isophorone is a stable, colorless, volatile liquid with a mild odor. It is only slightly soluble in water, but 
miscible with most lacquer solvents. It is an excellent solvent for many types of cellulose esters, cellulose 
ethers, oils, fats, gums and resins, both natural and synthetic. It is the most powerful solvent for nitro- 

cellulose and "Vinylite" resins. lsophorone has one of the highest aromatic hydrocarbon dilution ratios for 
nitrocellulose—5.7 for toluene and 5.1 for xylene. It will dissolve 30% of "Vinylite" resin without gelling. 
At ordinary temperatures solutions can be made of 1/2 second RS nitrocellulose containing 45% solids. 

Ізорһогопе is used in the manufacture of coatings, inks, stencil pastes and as a thinner in synthetic resin 


finishes. 


Table 12.33: Properties of Isophorone (2) 


FENCHONE 


Fenchone is a liquid ketone closely resembling camphor. 


Boiling point at 760 mm. 
Dilution ratios 

Toluene 

Xylene 

"Troluoi! " 

Mineral spirits 
Flash point (open cup) 
Freezing point 
Solubility in water at 20°C, 
Solubility of water in solvent at 20°C. 
Specific gravity at 20/20°C. 
Vapor pressure at 20°C. 
Weight per gallon at 20°C. 
Acidity (as acetic) 
Distillation range at 760 mm. 
Color 


Puri ty 
Water content 


Table 12.34: Properties of Fenchone (2) 


Boiling point 


191 ,0?С, 


Dilution ratio: 


with coal -tar naphtha 
with hi~flash naphtha 
Kavri -butanol 


Optical activity 

Refractive index at 20?C. 
Specific gravity at 15,5?C, 
Aniline point (—) 


1.3 final conc. 8.0 

1.2 final conc. 8.2 

All proportions in 50% 
sol. with mineral 
spirits 131 

*7.4 

1.4625 

0.9457 

54°С. 


215.2°С. 


% 


о - сл C 
љлчо== ч 


05°Р. 

-8.1°С. 

1.2% by wt. 

3.8% by wt. 

0.9200 - 0.9250 

0.25 mm. Hg 

7.68 lbs. 

0.0296 by wt., max. 

205° -220°C. 

Not darker than 0.05 g. 
К2Сг2О? рег І. of water 

98.096 by wt., min. 

Miscible with 19 vol. 60° Be 

gasoline at 20?C. 


fs 
=O 


(CH3)9 


Distillation Range 


(Calculated from 50:50 Min. Spirits) 


5% 
10% 
20% 
40% 
60% 
80% 
90% 
95% 


193.0?C. 
193.4?C. 
193.8°С. 
194.2°С. 
194.5°С. 
195.4°С. 
196.0°С. 
197.5“С. 
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BETA-PROPIOLACTONE 


BPL 


СН2-СН2--С:-О 
7 < 


Го 


/ x 
2 difunctionality 


у--"СН2--СН2--С--О HOCH» —CH^ PT 


~ 
~ 


ОН у 
Hydracrylic Acid Derivatives 


Beta-Propionic Acid Derivatives 


Table 12.35: Physical Properties of Beta-Proplolactone (42) 


Physical state Liquid 
Color Colorless 
Odor Pungent, acrylic 
Boiling point at 10 mm Hg, deg C 51 

100 mm Hg 100.0 

400 mm Hg 139.7 

760 mm Hg 162.3 
Melting point, deg C —33.4 
Refractive index n?’ 1.4131 
Specific gravity, 20/20 C 1.1490 
Pounds per gallon at 20 C 9.56 
Flash point, Tag open cup, deg F 165 


Solubility: BPL is miscible at room temperature with most organic 
solvents such as ether, alcohol (reacts), benzene, acetone, and acetic acid. 
Solubility in water at 25 C is 37 per cent by volume, with moderately fast 


hydrolysis to hydroxypropionic (hydracrylic) acid. 


GAMMA-BUTYROLACTONE 


BLO 
=O 
О 


Gamma-butyrolactone is a powerful sol vent and undergoes many reactions that make it of considerable 
interest in synthesis. It is a colorless hygroscopic liquid over a wide temperature range. It is soluble 
in acetone, benzene, carbon tetrachloride, ethyl ether, methanol, monochlorobenzene and water in 
all proportions. 


Table 12.36: Properties of Gamma-Butyrolactone (49) 


Appearance... ... sata inset clear liquid Зресйу дгаміїу (429) .......... 1.124 Heat of combustion.......... 492 kcal/mol 
Союг (АРНА)............... 40 Flash point, tag closed cup . . . .93?C (200°F) Зресйс пеа! (25°С).......... 0.40 cal/g/°C 
Purity ОСЕ о 99.5% min. Ріге роїпі .................. 99°C (210°F) (BO? O):« eue ei 0.45 cal/g/°C 
Моізіме.............. .... .0.1% тах. pH (1096 aqueous solution)... 4.5 ` Dielectric constant (20°C) ..... 39 

Free acid, as hydroxybutyric . . .0.1% max. Векасиче паех (п29)....... .. 1.435 Стесајргеззиге ............. 500 psi 
Molecular медһі............ 86 Heat of vaporization, (35 kg/cm?) 
Boiling point................ 204°C Clausius-Clapeyron Critical temperature .......... 436°C 
Freezing point ORNARE --449С (сас) ................... 133 cal/g Solubility: soluble in acetone, benzene, carbon 
Месо5иу (25?С)............. 1.7 ср Неа ої ѕоіиђоп ........ _. 598 cal/mol tetrachloride, ethy! ether, methanol, 


chlorobenzene, and water in all proportions. 
(continued) 
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Table 12.36: (continued) 


Vapor Pressure of Butyrolactone 












200 _____ L. ЕИ 
ӘБИ ПП фф 
e olg. I. qe cpi e 
ГЕКЕ Г er 
ар РРА Е 
PT eT | 
б ТТИ ТЕМЕ 1 І ПЕ 
S ор о 1-11 3 а реб 
o | РТ | РГ ІП ТЕЦ 
5 = а ДУР р р р 
f o l S EMI LL Jab. СЕЕ 
à ЕРТ Ч РЕНИ А А 
Е КОЛ ГТ ЦЕ, 
= ЕТЕШ ГЈ ЛШ ТИШ. 
СЕЕ T pL T 
__ | | S 
"Ш Ц“ 
1 5 100 500 760 1000 
оя Ргеззиге aa Hg) 
Table 1. Percentage of Butyrolactone Hydrolyzed 
under AcidConditions as Function of Time, Temperature, and Concentration 
‘Concentration Time (hours) 
e) | 1 РО з |) 5 | 24 
Room Room Room Room 
Dilute | Temper- Temper- Temper- Temper- 


BLO HCI ature 65“ С ature 65°C ature 65°C ature 65°C 





95 5 _ 1.94 311 
90 10 1.23 | 4. | 314 595 
80 20 | 028 21 17 102 | 162 | 552 1095 


55 50 | 092 648 | 257 1598 | 407 1792 | 1210 1841 





BUTYROLACTONE refers to gamma butyrolactone 


Table Il. Percentage of Butyrolactone Hydrolyzed at pH 7 
as Function of Time and Concentration* 


Concentration (% )t Time (hours) 
BLO н.о 8 24 48 
80 20 — 0.33 1.7 
50 50 1.7 11.1 17.4 


*Tests were conducted at 65°C. No observable hydrolysis was detected at room temperatura. 
tAt concentrations of up to 10 per cent water, no hydrolysis was observed in 46 hours. 


(continued) 


Ketones 647 


Table 12.36: (continued) 


Tabie Ili. Bunsen Coefficients of Butyrolactone 
(cc gas/cc solvent converted to STP) 





Gas 25°C 45°C 75°С 
эс шт a t LU ои АВ Ее 
Нудгодеп 0.12 0 0 
Carbon Monoxide 0.09 0.044 0 
Carbon Dioxide 3.6 2.7 1.1 
Methyl Acetylene 37.8 | 12.5 10.8 
Acetylene 11.8 8 1.45 
Vinyl Acetylene 145.1 (27°с) 33.1 23.1 (73°C) 





Table IV. Solubilities of Compounds in Butyrolactone 


Compound % Soluble 
Асгуіопйпйе, (һідһ) врес. уіз. 8.5“.................................... >10° 
Асгуіопийгйе, (Іоуу) 5рес. уіз. 3.18".................................... 216? 
Асгуіопйгйе, (Іоуу) 5рес. уіз. 2.45%.................................... 20% 
Асгуіопіїгііе, (Іом) 5рес. уіб. 2.11“......................... duin desi 20" 
“Атһего!" Несіп 820 (Ноһт % Наа5)................................. 50 
“Aroclor (60% Cl), chlorinated бірһепу! (Мопвапіо) .................... 50 
Cellulose Асеште ................................................. 5: 
Cellulose Acetate Butyrate ................. paces RAE ae СЕЛЕР eee а жазып 10 
Се!шіозе Асе!аїе Ргоріопае ....................................... 10 
Се Шосе Nitrate иь в кин се аве ҚЫНА 25 
“Clorafin’’ (70% Cl), chlorinated paraffin (Hercules Powder) .............. 50 
DIT ава о uter ied de xS qudd qure Re dd vu RE e EU Wed rios 50 
"Ероп” 1007, ероху геѕіп (бһе!! Сһетіса!) ............................ 25 
"Ероп" 1009, ероху геѕіп (Ѕће!! Сһетіса!) ............................ 25 
Ester GUM: and Sickie Saw bhi ee Oh ен бее а ТҮГЕ ГТ ER Ger Bo A RA A Ss 50° 
гр рез -итиштниити = ___________ 25° 
"Formvar," polyvinyl formal гебіп (Мопвапіо) .......................... > 5 
“беоп” Ројубјепа, ројухту! сћ/опде (боодпсћ) ......................: >10“ 
“Оеоп” 102, роіуміпуі сһіогіде (боодгісһ) ............................ > 5° 
“беоп” 202, роіуміпуі сһіогіде (боодгісһ) ............................ >10: 
HET Anhydridé ees kao ver eene ew See eee ea eke eee 60° 
Меіһуі Мейһастуіаіе Роіутег ....................................... 25 
Меїну! Міпу! Еїдег Роіутег ......................................... 50 
“Меоіуп” 23 Несіп (НегсШев Ромудег) ................................ 50 
"рагіоп," спіогіпаїеа гиббег (Негсшез Ромдег) ........................ >25 
Polwinyl'Butyral ооо асе 25° 
Руготеіїйіс АсіЮ ................................................. 20 
“Saran” F-120, vinylidene сһіогіде (боу/ Сһетіса!) .................... >10 
SIGN AC ы зына лы а ee a ee eee ae РЕН 25 
POIVSIVIGNG ous foot ice A Ra v CR eG ea eee cee eee ee eee ao A | >25 
Мілуі Асеһаіе Роіутег ............................................. >25 
1-Міпуі-2-Ругтоіюопе Роіутег ...................................... >25 
9-Vinylcarbazole, Monomer and Ројутег ....................... Е >25 
"Vinylite'" VYNW, vinyl chloride resin (Әпіоп Саг0іде) ................... D Bt 
“Міпуіне," ХҮ56, міпу! гебіп (Әпіоп Сагбідбе) .......................... 10< 


a 1 gram polymer dissolved in 100 m! BLO. 
b Heated for 1 hour at 100°C. and then cooled to room temperature. 


¢ Solubility after 1 hour at 100°C. 


BUTYROLACTONE refers to gamma butyrolactone 


СОМРАНАТМЕ ОАТА 


Table 12.37: Ashland Ketones (69) 


PRODUCT 

Acetone 

Methyl Ethy! Ketone 
Methyl Propyl Ketone 


Methyl Isobutyl Ketone 
Methy! Isoamyl Ketone 
Diacetone Alcohol, A.F. 
Methyl Amyl Ketone 
Cyclohexanone 
Diisobutyl Ketone 
Isophorone 


! n-Butyl Acetate = 1 


LB./GAL. 
20°C 


6.59 
6.71 
6.72 
6.67 
6.78 
7.82 
6.80 
7.88 
6.75 
7.68 


SP. GR. 
202/20 С 


0.790 
0.806 
0.807 
0.802 
0.813 
0.939 
0.818 
0.946 
0.809 
0.922 


BOILING RANGE 


55-56 
78-81 
101-105 
114-117 
141-148 
145-172 
147-154 
156-158 
163-173 
210-218 


131-133 
172-178 
214-221 
237-243 
286-298 
293-342 
297-309 
313-316 
325-343 


410-424. 


FL. PT. 
°F TCC 


-4 
24 
46 


. 60 


98 
126 
102 
111 
120 
179 


EVAP. 
RATE! 


14.4 
5.7 
2.3 
1.6 
0.47 
0.12 
0.40 
0.20 
0.20 

< 0.05 
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KETONES & 


MISC. ACTIVE SOLVENTS 


ACETONE | 
CYCLOHE XANONE 
DIACE TONE Al COHOL. AF 


DISOBUTYL KETONE (DIBK) 0 


- DIMETHYL FORMAMIDE (DMF) 


+ 


С РОВЕЧВАЦ 
ISOPHORONE 


METHYL АМУ КЕ ТОМЕ (МАК) 


METHYL ETHYL KETONE (МЕК) 
_METHYL ISOAMYL KETONE (М!АК) 


"METHYL ISOBUTYL KETONE (MIBK) 


| METHYL n- PROPYL - KETONE (МРК) 


TETRA HYDRO FURAN (THF) 


2. 2-NITROPROPANE (NiPar* ** 5-20) 


KETONES & 


MISC. ACTIVE SOLVENTS 


АСЕТОМЕ 

CYCLOHE XANONE 

DIACE TONE ALCOHOL. 
DIISOBUTYL KETONE (ОНЗК) 


DIMETHYL FORMAMIDE (DMF) | 


FKURFURAL ———— 
ISOPHORONE 


METHYL AMYL KETONE (MAK, 


METHYL ETHYL KETONF ; 
METHYL ‘ISOBUTYL KETONE 
METHYL n- PROPYL KETONE. 
TETRA HYDRO FURAN í THF: 


2. -NITROPROPANE (Маг 


** Trademark Angus 


МЕК: 


. METHYL ISOAMYL KETONE (MIAK) 


MIHA 
MPK 


S 20: 


Table 12.38: Chemcentral Ketones and Miscellaneous Active Solvents (67) 


CAS 






















d ETE. 
ORE E 
123-422 


108-838 


| 55.5-56.5 
235418? | 
145-172 


163-173 
е 9 
| Е З = 
323.1-ВР 
| 
300-304 2 













532 
_ 161.7-ВР_ 
_ 215-220 











60 
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Dilution 
Ratio 


Еуар. 


&Solubilit С! 
Pas Wi. @ 





Dw 25°C 


® Tag Open Cup Figsh Point 


sauojay 
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Table 12.39: Eastman Chemical Ketones (47) 











Evaporation Lb/ Color Specific Acidity, as Boiling Freezing Fiash Point Assay 
Rate Gal @  Pt-Co Gravity @ Acetic Acid Range Point тсс Min Wt 
n-BuOAc-z1 20°C Max 20°/20°C Max Wt 96 °С °С °C (°F) % 
Acetone 5.7 6.59 5 0.792 0.004 55-57 -95 -20 (-4) 99.5 
CH3;3COCH; 
Methyl n-Propyl Ketone 2.3 6.74 15 0.810 0.02 101-105 -86 8 (46) 90.0 
(MPK)* 
CH3COC3H; 
Methy! Isobuty! Ketone 1.6 6.67 10 0.802 0.01 114-117 -84 16 (60) 99.0 
(MIBK)? 
СНҘСОСН; СН(СН;): 
Methyl Isoamyl Ketone 0.5 6.76 10 0.813 0.02 141-148  -74 36 (96) 98.0 
(МАК) 
СНэСОС2Н.СН(СН.). 
Methyl n-Amyl Ketone 0.4 6.80 10 0.818 0.02 147-154 -33 39 (102) 98.0 
(MAK)*^ 
СНЗСОС Ни 
Diisobuty! Ketone 0.2 6.76 20 — 0.811 0.02 163-176 -42 49 (120) - 
(ОВК) 
(CH3)eCHCH2COCH2CH(CH3)2 
EASTMAN® C-11 Ketone 0.02 7.02 75 0.84 0.10 175-250 -8 84 (184) — 


(seta-flash) 





"Urethane grade 
Kosher certified 


Table 12.40: Exxon Ketones (8) 


Distillation Range, °C 
Specific Gravity, 20°/20°C 
Viscosity @ 25°C, cp 
Vapor Pressure @ 20°C, mmHg 
Density @ 20°C, Ib/gal 
Flash Point, TCC °C* 
Acidity, wt % МАХ** 
Evaporation Rate, n-BuAc=100 
Purity, wt % (MIN) 
Hildebrand Solubility Parameter 
Surface Tension @ 20°C, dynes/cm 
Water Content, wt % (MAX) 
Water Solubility @ 25°c, wt % 
In water 
Water in 
Inhalation TLV*** 
CAS Registry Number 


Methyl Ethyl 


*Tag Closed Cup, ASTM D 56 **As acetic acid 


Methyl Isobutyi 


Ketone Ketone 
79-81 114-117 
0.81 0.80 
0.4 0.6 
80 15 
6.71 6.68 
21 62 
0.003 0.01 
572 165 
)99.5 )99.0 
9.3 8.6 
25 24 
0.1 0.1 
26.3 1.7 
11.8 1.9 
200 50 
78-93-3 108-10-1 


***Threshold Limit Value is a registered 
trademark of the ACGIH 


Table 12.41: Hoechst-Celanese Ketones (42) 


Autoignition Temperature, °C 
Boiling Point at 760 mm Hg, °C 
Boiling Point at 760 mm Hg, °F 


Coefficient of Thermal 
Expansion per °C at 20°C 


Critcal Pressure, atmospheres 
Critical Temperature, °C 
Dielectric Constant, 20°C 
Evaporation Rate (BuAc = 1) 


- Flammable Limits 


Table 


(lower limit, vol %) 
(upper limit, vol %) 


Flash Point, Tag Open Cup, °F 
Tag Closed Cup, °F 


Freezing Point, °C 


Physical Properties 


515.5 
79.6 
175.3 


1.126 х 103 
41.0 

252.5 

15.45 

5.7 


2.0 
11.0 


30 
20 


-86.7 


12.42: Shell Chemical Ketones (14) 


Molecular weight 
Specific gravity (apparent) 
60/60° F 
20/20 С 
25/25°C | 
Weight per U.S galion (in alr) 
60°F 
20°C 
25°C 
Bolling point @ 760 тт. 
Me 
°F 
Bolling point change 
°C/mm @ 760 mm 
Vapor pressure @ 20°C, mm 
Freezing point @ 760 mm, °C 


Refractive index n 20. 
D 


Heat of vaporization 
cal/g @ 760 mm 
Heat of fusion at melting point 
cal/g 
Specific heat (liquid) 
cal/g °C @ 25°C 
Flash point, tag open cup, °F approx. 


tag closed cup, °F approx. 


Flammable limits In air 
% of compound, upper 
lower 
Solubility, % wt. 
in water, @ 20°C 
water in, @ 20°C 
Azeotrope with water, 
%w compound 
Boil pt. @ 760 mm, °C 
Viscosity, cps 
@ 20°C 
@ 25°C 
@ 30°C 
Surface tension 
dyne/cm 20°C 


Heat of Combustion, kg-cal/g mole 


Heat of Fusion, cal/g mole 


Heat of Vaporization, btu/lb at 20°C 
Molecular Weight 


Refractive Index, n? 


Solubility at 20°C at wt % in water 


| water in 
Specific Gravity, 20/20°C 


Specific Heat of Liquid, at 20°C, cal/g 
Surface Tension at 20°C, dynes/cm 


Vapor Density (air = 1) 


Vapor Pressure, at 20°C, mm Hg 


Viscosity at 25°C, centipoise 


Weight, pounds per gallon at 20°C 


Typical properties of the compounds 


Acetone 


58.080 


0.7967 
0.7925 
0.7879 


6.636 
6.595 
6.549 


§6.13 
133.03 


0.0385 
185.95 
-94.897 


1.35900 


122.09 
23.53 
0.51 
15. 
-15. 


11.0v 
3.0v 


complete 
complete 


none 


0.3075 


22.32 


Methyl 
ethyl 
ketone 


72.108 


0.8105 
0.8065 
0.8023 


6.750 
6.711 
6.668 


79.64 
175.26 


0.04 


70.21 
-86.69 


1.37880 


105.95 
24.86 
0.51 
20. 
23. 


11.5v 
1.81v 


27.1 
12.5 


88.73 
73.41 
0.41 
0.365 


24.6 


Methy! 
Isobutyl 
ketone 


100.162 
0.8055 
0.8022 
0.7986 
6.709 
6.676 
6.638 


116.2 
241.16 


0.046 


14.96 
-83.5 


1.3957 


82.50 


0.53 


7.5у 
1.4у 


2.04 
2.41 


75.7 
87.93 


0.583 
0.55 


23.64 


Ketones 651 


582.3 
1.78 
212.4 
72.11 
1.3787 
26.8 
12.5 
0.8062 
525 
24.6 
2.5 
775 
0.40 
6.71 
Diacetone 
alcohol 
116.162 
0.9441 
0.9409 
0.9374 
7.863 
7.830 
7.792 
169.2 
336.6 
0.075 
0.81 
-44. 
1.4234 
90.0 
0.62 
135. 
126. 
complete 
complete 
12.7 
98.8 
2.9 


28.9 


Table 12.43: Union Carbide Ketones (79) 
































ДЕ Vapor | Specfic Hoy Solubility Parameters 
Evaporation Pressure Density 
Molecular Бок at 20°C, at 20°C, Gravity Hydrogen 

| Formulo Weight пВиАс = \ mm Hg ве! Bonding Polar Non:Polar 

| Асеюпе CH,COCH, | | $808 14.40 1840 6.59 0.792 96' 54 48 6.4 

“ ~ ие каса г. : Р ; 

Cyclohexanone СНД СН СО 98.15 0.40 3.0 7.89 0.948 104 5.4 4.6 76 
е и пи леене —— —— E yn i rm m aaa tn. a ere .—- 

Diocetone Alcohol CH C(OH}(CH,}CH,COCH, 116.16 0.12 1.0 7.82 0.940 98. 6.1 5.6 5.2 
| ааа rs а ot imn — 2. ; у —-—-—є—їүүуү———————_..ү.——-.——_—_—..—є—„—ЇГїү————- 

Diisobutyl Ketone [CH,CH{CH,}CH,],CO 142.24 0.15 1.0 6.77 0.808 81 19 3.3 71 

Ы— MISI AR ptr a ga a n os p m тен ~ љиљана дира а че с и талира кап ов пи ти wee 

lsophorone | о СНЕСКСНАСН;ССН СНО 1382! 0.02 0. 7.68 0.923 94 16 46 80 

Methyl n-Amyl Ketone CH,COCIH,, 114.19 0.28 2.0 6.80 0.817 9.0 3.5 37. 7.4 

Methyl Ethyl Ketone 000 CH,COC,H, 7210 6.60 75.0 6.71 0806 95. 46 45 6.9 

Methyl Isobutyl Ketone |. CH,COCH.CHICH); 100.16 1.60 150 6.67 0.802 84 29 39 7.1 


бигҒасе Boiling Solubility at 20°C, 


Viscosity Tension ШЕСІ Percent by Wt Назћ Ројт, Electrical © Odor Detection — Title III Listed CAS 
at 20'C, at 20°C, 760 mm Hg, Tog Closed ^ Resistance?^, —— Threshold? Hazardous Air Registration 
ср dynes/cm “С in Water Water In Cup, °F Megohms ED50, ppm Pollutant'? Number 



































Acetone 0.3 237 56.3 Complete 30 Ко 67-64-1 
“ бујанекатоње 2.2 350 155.7 23 8.0 nt | No 108-94-1 
Diocetone Alcohol 3.2 30.3 169.2 133. | No 123-422 
Diisobutyl Ketone Сто > 64 оо о No 108838. 
/— bephorone 26 3.6 3152 -00 43 190 7 Хе _ 78-59-1 
Methyl n-Amy! Ketone ШЕСІ 26.7 1515 0.4 1.3 105 ^ 075 002 No 110-43-0 
Methyl Ethyl Ketone 04 245 796 | Tao шю — 2 | Yes |. 78333 
Methyl tsobutyl Ketone 0.6 240 КТ 2 1 61 0.45 Yes 108-10-1 


{a} Measured with a Ransburg Mode! 219CB Paint Resistance Tester. Values listed are for commercialiy available materials. 








Odor Detection Threshold is the concentration of odorant in ppm necessary for 50% of a test panel to detect or perceive an odor in oir 


(c) Hazordous Air Pollutants listed under Titie IIl of the Clean Air Act. 





(continued) 
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Table 12.43: (continued) 
UCAR® Ketones Selection Guide 


о 
а а но 


| | TYPE OF COATING 
Relative 
гу ion | Mitroceliulose ма 
rate | Conven- Hot Нідіһ- Muiti- Emul- Cellulose 1/24 Ethyl Water 

Type Ketone (BuAc = 100) Попа! Spray Low Color sions Vinyl Acetate — Butyrate Cellulose Acrylic Urethane Soluble 
Fast Acetone 1440 е е • е ® з е е 
Evaporating Methyl Ethyt Ketone 651 е е e e e Ф е e e 
Medium Methyl Isobutyl Ketone 162 e ө ө е • в а e 9 e 
Evaporating Methyi n-Amyi Ketone 40 e e e e e e e е 

Cyclohexanone 23 @ е е ® Ф Ф Ф зе 

Diisobuty! Ketone 17 » е e Ф e e 
Slow 
Evaporating Diacetone Alcohol 12 Ф Ф e e e e e e e 

Isophorone 2 Ф e e e e Ф e e 


isobutyi Heptyi Ketone 1 е e 


General Solvent Properties of UCAR® Ketones 
= | | ^ — BPercent Solution of R.S. 1/2-s Nitrocellulose | | 


























Relative Blush ete ile Status 
Evaporation Weight Dilution Ratio Resistance under Rule 
Rate per Gallon at 80°F. Viscosity Hydrogen 66-Туре 
(BuAc « 100) at 20°C, ib Toluene Марина Xylene %RH+2% at 25°C, cP Total Polar Bonding Regulations 
Acetone 1440 6.59 4.5 0,7 -- «55 9 | 9.62 4.79 5.39 MPCR 
Methyl Ethy! Ketone 631 6.71 4.5 0.9 — 51 10 9.45 4.52 4.65 NPCR 
Methyl isobuty! Ketone | 162 6.67 5.6 1.0 5.2 78 19 8.58 3.94 2.88 PCR-20% 
Methy! n-Amy! Ketone 40 6.81 3.9 1.2 3.6 92 25 8.98 3.73 3.52 NPCR 
Cyclohexanone 25 7.89 5.7 1.1 4.8 92 79 10.42 4.58 5.39 КРСК 
Dilsobuty! Ketone 17 6.72 1.5 0.6 1.5 95 65 8.06 35.52 1.88 _ РСВ-20% 
Diacetone Aicohol 12 7.82 3.0 0.5 2.5 76 148 9.78 5.56 6.14 ` РСК-20% 
Isophorone 2 7.67 6.2 - 81. 96 104 9.56 4.58 1.55 PCR-596 > 
i ь т 
© 
Isobutyl Heptyl Ketone 1 6.84 imm. imm Imm. - - 7.95 2.95 1.74 РСЕ-20% я 
| ; ы а 
OCT NON LTO TE LN LT LN LN SEAL расте А давана таман една ie ER rS RAI 
Footnote: 
(a) NPCR. Nonphotochemically Reactive: PCR-20% and PCR-5%, е 
Photochemically Reactive — volume percent without requiring emission control. (continued) чо 


Table 12.43: (continued) 











Resin Solubilities of UCAR® Ketones Weight of One Gallon of Solvent 
Cellulose Acetate 
Cellulose Butyrate, Ethyl Poly- UCAR Poly- 
Acetate, | ———————————— —- Cellulose, (methyl Solution vinyl 
4196 1796 37% 47-49% Poly- Meth- Vinyl Resin Acetate 
Ketone Acetyl Butyryi Butyry! Ethoxyl styrene acrylate) vYHH AYAF 
9 
Acetone 5 5 5 5 PS 5 5 5 5 
о 
А. 
Cyclohexanone 5 5 5 5 5 5 5 5 3 
Diacetone Alcohol S PS S S 1 5 5 5 i - E м 
Вози А906 | | Р ы ы : a = Methyl Methyl =‘ Isobuty! Diisobutyì Isopropanol 
Isobutyi n-Amyt Acetate Ketone 
Isobuty! Heptyl Ketone і | | SW | І NETE: ион 
Isophorone S S S S S PS S S 
Methyl Ethyl Ketone 5 5 5 5 5 5 5 5 Volume of 7.24 Pounds of Solvent 
1.15 
Methyl Isobutyl Ketone I І 5 5 5 5 5 5 
Methyl n-Amyl Ketone 1 1 5 5 5 5 5 5 1.10 
NOTE: а 
Concentration = 0.5 g resin to 4.5 mi of solvent SW = Swelling 2 1.05 
S = Soluble PS = Partly soluble 5 | 
i = Insoluble S-G = Soluble, tendency to gel 
1.00 I 
Methyl Methyl Isobutyl Diisobutyl  Isopropanol 
Isobutyl n-Amyl Acetate Ketone 
Ketone Ketone 


(continued) 
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Table 12.43: (continued) Constant Boiling Mixtures 



































COMPONENTS AZEOTROPE 
| | Co ec, . Relative Qrat — 
Specific Bolling Point Boiling Point ы ee _ MC RN, Votume a ace of 
Gravity at 760 mm Hg, at 760 mm Hg, in in in of Layers Azeotrope 
Mixture at 20/20°C °c ес Azeotrope UpperLayer Lower Layer at 20°C or Layers 
Acetone 0.7918 56.3 33.0 | 
Carbon Disulfide 1.2657 46.2 39.5 67.0 1.040 
Acetone 0.7918 56.35 20.0 
Chloroform 1.4925 61.2 557 80.0 | 1.268 
Acetone 0.7918 56.3 30.0 
Chioroform 1.4925 61.2 57.5% 47.0 ь 
Methanol 0.7922 64.7 23.0 
Acetone 0.7918 56.3 MH 59.0 
Hexane 0.6717 68.7 : 41.0 
Acetone 0.7918 56.5 45.0 
Hexane (Commercial) 0.6717 68.7 47.0 48.0 0.720 
Methy! Acetate 0.9355 57.0 270 
Acetone 0.7918 56.5 56.5 
isopropy! Ether 0.7250 68.5 = 43.5 9.764 
Acetone 0.7918 56.5 88.0 | 
Methanol 0.7925 64.7 55.7 12.0 0.795 
Acetone 0.7918 108.79 68.0 
Methanol | 0.7925 109.19 1029 52.0 0.796 
Acetone 0.7918 152.19 54.0 
Methanol 0.7925 128.49 124 9 46.0 0.796 
Acetone 0.7918 151.49 44.0 
Methanol 0.7925 145.89 140 9 56.0 0.796 
Acetone 0.7918 56.5 | 5.8 
Methanol 0.7925 64.7 53.7 17.4 0.898 
Methyl Acetate 0.9555 57.0 76.8 | 
Acetone 0.7918 56.5 48.0 | 
Methyl Acetate 0.9555 57.0 35.6 52.0 0.854 
Acetone | 0.7918 85.680 б 98.7 
Water 1.0000 127.3 61.4" . 15 0.795 
Сусюпехапопе 0.9482 155.7 95 38.4 92.0 2.3 U 41.5 00.955 
Water | 1.0000 100.0 | 61.6 8.0 97.7 L 58.5 L 1.000 
Diacetone Alcohol 0.9395 169.2 | 13.0 
Water 1.0000 100.0 99.6 87.0 1.002 
Diisobuty! Ketone 0.8075 169.4 970 48.1 99.25 0.05 у 55.4 U0.810 
Water | 1.0000 100.0 : 51.9 0.75 99.95 L 46.6 L 1.000 
Isobutyl Heptyl Ketone | 0.8215 2182  . зай 16.0 99.8 0.01 U 19.0 00.810 
Water 1.0000 100.0 ` 84.0 0.2 99.99 181.0 L 1.000 
Isophorone 0.9220 215.5 56% 16.1 95.7 1.2 U 16.0 U 0.929 
Water 1.0000 100.0 : 83.9 4.3 98.8 L 84.0 L 0.999 
Footnotes: 
a) Distillation barrier present d)at 7.82 atm f) at 20 psig 
b)Homogeneous at 20°C e) at 11.6 atm g)at 50/20?C 


c) at 4.56 atm 


(continued) 


520012% 


559 


Table 12.43: (continued) 


Constant Boiling Mixtures (continued) 








COMPONENTS AZEOTROPE 
er ата та травна EE танаа к. лекет. 
Composition at 20°C, % by Weiaht Relative Sp Gr at 

Specific Bolling Point Boiling Point = ра Volume . 20/20?Cof 

Gravity at 760 mm Hg, | at 760 mm Hg, In in in of Layers Azeotrope 
Mixture at 20/20°C °C "с Azeotrope UpperLayer Lower Layer at 20°C or Layers 
Methy! Ethyl Ketone 0.8060 79.6 37.5 
Benzene 0.8800 80.1 fo 62.5 0.855 
Methyl Ethyl Ketone 0.8060 79.6 26.1 28.1 5.2 

0.8800 68.2 65.1 71. 092.5 00.858 
Вепгепе 8 80.1 5 1.5 0.1 L 75 L 0.992 


Water 1.0000 100.0 8.8 0.6 94.7 
0.8060 79.6 15.5 


Methyl Ethyl Ketone 1.157 


Carbon Disulfide 1.2657 46.2 А 
мидии 
0.8060 79.6 29.0 


Methy! Ethyt Ketone i12 


Carbon Tetrachioride 1.5970 76.7 71.0 
а 
0.8060 79.6 22.2 5,5 22.6 


Methyl Ethyl Ketone U 4.0 00.995 


Carbon Tetrachioride 1.5970 76.7 65.7 74.8 0.1 77.3 

Water 1.0000 100.0 3.0 94.4 0.1 L 96.0 L 1.515 
АНА 0а 
Methy! Ethyl Ketone 0.8060 79.6 = 85.0 

Chloroform 1.4925 61.2 im 17.0 0.877 
Methyl Ethyl Ketone 0.8060 79.6 35.0 37.0 10.0 

Cyclohexane 0.7790 80.7 63.6 60.0 62.4 0.1 USES. 00769 


Water 1.0000 100.0 | . , 
0.8060 79.6 . 


Ме ћу! Еспу! Ketone 

Ethanol 0.7871 78.3 198 54.0 0.802 
а r U 
Methyl Ethyi Ketone 0.8060 79.6 75.0 

Ethanol 0.7871 78.5 73.2 14.0 | 0.832 
Water 1,0000 100. 11.0 

кни ид UUS 
Methyl Ethyl Ketone 0.8060 79.6 28.5 

Hexane (Commercial) 0.6717 68.7 6+3 71.7 0.698 
Methyi Ethy! Ketone 0.8060 79.6 22.0 22.5 10.0 

Hexane (Commercial) 0.6717 68.7 55.0 77.0 77.3 0.1 E а < E DOE 


Water | 1.0000 100.0 . , è 
0.8060 79.6 | 


Methy! Ethy! Ketone 


0.800 


isopropanol 0.7864 82.5 ў 
МХА 
0.8060 79.6 88.0 


Methy! Ethyl Ketone 
isopropanol 


0.7864 


82.5 


Water 1.0000 100.0 : 
———————— M M А Ишжщ,.ЇТ-Т "| и и: 
0.8060 79.6 88.0 | 


Methyl Ethy! Ketone 
Water 


Methyl Isobutyi Ketone 
Water 


Footnotes: 

a) Distillation barrier present 
b) Homogeneous at 20°C 

с) ас 4.56 atm 


1.0000 


0.8015 
1.0000 


d)at 7.82 atm 
e)at 11.6 atm 


100.0 


116.1 
. 100.0 


f) at 20 psig 
gat 30/20°C 


1.0 0.834 
11.0 
12.0 0.834 
76.0 98.4 2.0 U 80.4 U 0.806 
24.0 1.6 98.0 L 19.6 L 0.999 


qooqpuvgp sjuaajog jviusnpuy — oco 


TEMPERATURE, “Е 


100 


Vapor Pressure of Various Ketones at Different Temperatures (19) 


Table 12.44 


TEMPERATURE, °F 
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Table 12.45: Specific Gravities of Ketones ( 19) 


SPECIFIC GRAVITY VS. TEMPERATURE 


TEMPERATURE, °F 
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Table 12.46: Solubility of Ketones in Water (79) 


Tos 






„Б T A MESITYL OXIDE 
B METHYL ISOBUTYL KETONE 
C ISOPHORONE 

D ACETOPHENONE 











С 
“БГ НА, НА ЕН ери 
3.0 
25 


2.0 


KETONE, per cent Бу weight 


1.5 










Ба а CT. Гг EE 
A — = |_| Е 
реј фа ГО | үү ут! уу 0) st ttt | | | |] | 
LL ————— L| LL, НИЕ НА НН ЗН И БО ЗН ја 
ae. 





1.0 





мент 
LIII Б Б Б Б С Є В Б Б В Р кр ET 
Ett eR НЕ 


0 10 20 30 40 50 60 70 80 90 100 
TEMPERATURE, °C 


Table 12.47: Solubility of Water in Ketones (79) 






АЕН 





































= 
45 
F3 Dp 
ГТ вною 
тр EE 
40 = 
ЕЕЕ ЕЕ 
СЕТ III > 
НЕ РІ ге I Ga AS OE Bl C EG E 
ie Ара ер е И. 
а м ее В Б БЕ А ТРЕТ 
Р У ЕЕ РИ 
Е Зэ икин виш ш ий #й ЖЕ И Б >” „н ей ый пи ШЕ ШЕ ШЕ ИП ЕЙ БЕ ИЗ ЕЙ ГГ ЕЕЕ" ЗІ ЖИ ПЕ 
= ГҮГЕЛ ГТ ЕЕ ЕЕ а 
Ф амаи Е 
З ЄВА БВ Р, и БА БЕ РН ОВ а ЕТ Б ЛЕ Р espe E 
> ae Ер а e ТГ ТЕ 
m 4 pL А й С Б Б Б Б дю 
- а= ЕГЕ ЕБИ БЕН ВЕ НЕ НН БЛА ЕВ НН НО ПЕ 
c Сред ер ер рај а БЕ ВЕБ БО 
б» КЕССЕК ая ааа ааа 
чі > 
Ф 2.5 ғ, 
& 9 РЕС 24-6 А ЗОРНОВОМЕ 
сс са ЕЕ ві БАН ЫН B MESITYL OXIDE 
ul Р C ACETOPHENONE 
к 2.0 АНЕ Би АН D METHYL ISOBUTYL KETONE 
> Aree e II 
COC assert AET E DISOBUTYL KETONE 
HEH e e EE 
"E К т 
РРР Aaeeea 
сар ра иа ра eed р 
VU LLL e Fav ee ee С та 
ч гт EET bt - ET] ар СІ 
Ее ш ЕНЕН ТЕ 
М | 
05 РОДА ДЕ ааа ЕВЕ 
З г „ашшшшшшшшш 
5 Е аа Еа ВИ 
Еви Te Ss В ТЕ 
ЕНЕ 
Piste ре ре ра га аа 
00 Е КОШЕ 
7 0 10 20 30 40 50 60 70 80 90 100 


TEMPERATURE, °C. 


Table 12.48: Relative Evaporation of Ketones—Fast to 


PER CENT EVAPORATED 


Intermediate Evaporating Liquids (79) 





RELATIVE TIME, hours 


CHART KEY 


A Acetone 

B Methyl Ethy! Ketone 

C Methyl! Isobutyl Ketone 
D Mesityl Oxide 

E 2,4 —Pentanedione 
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Table 12.49: Relative Evaporation of Ketones—intermediate to 


PER CENT EVAPORATED 
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Slow Evaporating Liquids (19) 
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RELATIVE TIME, hours 


CHART KEY 


F Cyclohexanone J Isophorone 

G Diisobutyl Ketone K Isobutyl Heptyl Ketone 
H Diacetone Alcohol L Propiophenone 

| Acetophenone 
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Table 12.50: Viscosity vs Concentration of Chlorinated Rubber (Hercules PARLON S-20) in MEK (8) 
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Table 13.1: Acetic Acid (2) 


Vinegar Acid 
Methanecarboxylic Acid CH COOH 
Ethanoic Acid 


Acetic acid is a colorless liquid with a pungent odor; it is made synthetically 
from acetylene or by the oxidation of alcohol. It is soluble in water, alcohols, 
ethyl ether, and other organic solvents. It is used as a precipitant for albumen, 
casein, and rubber latex. It is also employed in the manufacture of leather, 
cordage, linoleum, acetate solvents, acetyl derivatives, dyes, matches, printing 
inks, and polishes, and as an assistant in dyeing processes. 


Specifications (Glactal Acetic) 


Standard + Laundry 
Special U.S.P. XH C.P. 

Acetaldehvde 0.059; (max.) 
Acidity, as acetic acid 99.5% (min.) 90.597 (nin. ) 00.3", (пап. 
Color Water-white Water-white Water-white 
Formic acid 0.2% (man.) 0.00% (max.) 
Freezing point 15.6°C (min.) 15.6°C (min.) 18.24?С (min.) 
Non-volatile matter 0.0265° (тих. 0.000895 (max.) 
Water content 0.5%, (max.) 0.5% (max.) 0.2% (тах.) 
Weight per gallon at 874 ін. 8.74 Ibs. 8.74 Iba. 


20°C 


Table 13.2: Viscosity of Acetic Acid and Acetic Anhydride Mixtures at 15° and 76.5°C (79) 
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Table 13.3: Butyric Acid (2) 


Boiling point at 760 mm 
Coefficient of expansion at 20°C 


Color 
Critical temperature 
Critical density 


Dissociation constant at 25°C 
Electrical conductivity at 25°C 
Flash point (ASTM open cup) 170°F 


Heat of combustion 
Heat of fusion 

Heat of vaporization 
Melting point 


Ethylacetic Acid 
Butanoic Acid 
Propy! formic Acid 


СН „СА СА СООН 


Butyric acid is a water-white liquid having a characteristically pronounced and 
highly disagreeable odor. it is soluble in most organic solvents and completely 
soluble in water. The importance of butyric acid is found in its butyrate, made 
with alcohols; these compounds are used as flavors because of their pleasant 
fruity odors. Other uses are in the manufacture of flavor esters, plastics, drugs, 
in leather tanning and for deliming hides. | 


Typical Properties and Specifications 


163.5°C Solubility in water at 20°C “| Complete 
9.001026*C Solubility of water in solvent at 20°C Complete 

at 55 0.001064 Specific gravity at 20/20°C 0.9595 
Water-white Specific heat 0.514 (20-100*C) 
355°С Refractive index at 19°C 1.3980 
0.302 Surface tension at 20°C 26.8 dynes/sq cm 
1.48 X 10°‘ recip. ohm Vapor pressure at 20°C 0.84 mm Hg 
0.00039 x 10^* recip. ohm Viscosity at 25°C 0.01529 poise 

Weight per gallon at 20°C 7.985 lbs. 

5905 cal. (15)/g Chlorides None 
20.1 cal. (15)/g Distillation range at 760 mm 160-165°C 
1.59 cal./g Purity 99.0% by wt., min. 
—5.7°С 


Table 13.4: Viscosity of Aqueous Butyric Acid Solution at 25°C (79) 
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Table 13.5: Butyric Anhydride (2) 


Boiling point at 760 mm. 


Color 
Flash point 
Melting point 


Specific gravity at 20/20°C. 
. Vapor pressure at 20°C. 


(САН СО). О 
Butyric anhydride is a water-white liquid which hydrolyzes to butyric 
acid in the presence of water. Like butyric acid, it is used in making 
butyrates, flavors, drugs and tanning agents. 


199.59С Weight per gallon at 20°C. 8.1 lbs. 
Wäter-whitè Distillation range at 760 mm. 

190?Е.. Below 190°C. None 

-75°С. Above 200°C. None 

0.965-0.970 Below 195°C. Not more than 10% 
0.37 mm. Hg Purity 85% by wt., min. 


664 Industrial Solvents Handbook 


Table 13.6: Solubility of Water in Caproic Acid at Various Temperatures (719) 
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Table 13.7: 2-Ethylbutyric Acid (2) 


Diethyl Acetic Acid eu 
2-Ethylbutanoic Acid (C^H jJ), CHCO 


2-Ethylbutyric acid is a water-white liquid, similar to butyric acid in 
most of its properties, except that its odor is less strong and it is not as 
soluble in water. Its halogenated derivatives are finding use in the 
manufacture of drugs. Its esters with higher glycols are outstanding 
vinyl resin plasticizers. 


ла . а Vapor pressure at 20°C. 0.14 mm. Hg 
т гори л Weight per gallon at 20°C. 7.68 Ibs. 
Solubility in water at 20°C. 0.22% by wt. 21 гапде а! 760 тт. Ноа | 
Solubility of water in solvent at 20°C.. 3.3% by wt. Uy на ДА 
Specific gravity at 20/20°C. 0.9225 


Table 13.8: 2-Ethylhexoic Acid (2) 


Octoic Acid 

2 -Ethylhexanoic Acid CH (СН, CH(C^H .)COOH 
This acid possesses a mild odor and a high boiling point. It is important 

for its metallic esters, the properties of which suggest usefulness as varnish 

driers. These metallic.salts are stable, mild-odored, light-colored com- 

pounds, and are soluble in hydrocarbons. The glycol esters of this acid 

are excellent vinyl resin plasticizers. 


Boiling point at 760 mm. 226.9°С. Vapor pressure at 20°C. 0.03 mm. Hg 
Flash point 260°F. Weight per gallon at 20°C. 7.55 Ibs. 
Solubility in water at 20?C. 0.2596 by wt. Distillation range а! 760 тт. 220°-230°С. 


Solubility of water in solvent at 20°C. 1,2% by wt. 


(90% distills within this range 


Specific gravity at 20/20°C. 0.9077 Purity 95% by wt. min. 


Table 13.9: Solubility of Water in Ethylhexoic Acid, Ethylbutyraldehyde and Ethylpropylacrolein (19) 
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Table 13.10: Lactic Acid (2) 


a ~-Hydroxypropionic Acid CH4CHOH "СООН 


Lactic acid, which is among the oldest known organic acids, is obtained from sour 
milk by the reduction of hexose sugars or by the interaction of acetaldehyde and 
carbon monoxide. It is miscible with water and many organic reagents. Since it 
has an asymmetrical carbon atom, lactic acid exists in two optical isomeric forms. 
Peckham states that "the nomenclature used to designate the isomeric forms was, 
until recently, very confusing. The form of the acid commonly known as sarco- 
lactic, the form occurring in blood, has (+) rotation but the | configuration. It 
is therefore correctly designated as {(+) lactic acid and its mirror image as d(-) 
lactic acid. The salts of the |(+) form are levorotatory and the salts of the d(-) 
form are dextrorotatory. Because of the low optical rotatory power of the free 
acids, rotation of the pure acid or its simple salts is not a suitable criterion for 
establishing the optical form of the acids, or the percentage composition in case 
of a mixture". 


Commercial lactic acid has been determined ta be a mixture of a-hydroxypropionic 
acid, lactyllactic acid, and water. When dilute lactic acid is concentrated, two 
molecules of lactic acid unite to form lactyllactic acid and water. The lactyllactic 
acid splits off from the water. 


2CH, CHOH-COOH = CH,-CHOH-COOCH(CH;).COOH + H,O 


СН(СН)ОСОСНСН)ОСО 
eed 


Polylactyllactic acids may also be formed by loss of water between the 
carboxy! and the alcohol groups, thus: 


CH,CHOHCOCH, CH. COCH,.CHCOOH 


—о 
dilactyllactic acid 


The conditions which affect the production of a lactic acid solution from 
lactyllactic acid are temperature, concentration and age of solution. 


A graph showing the Composition 

of Aqueous Lactic Acid Systems at 
Equilibrium and at Progress States 
of Dehydration. 
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Table 13.11: Trifluoroacetic Acid (25) 


CF3CO.,H Mol. Wt. 
Boiling Point 
Water Azeotrope (20.6% water) 
Freezing Point 
Density at 25°C 


Vapor Pressure 0 C 
25C 
Heat of Vaporization 


Viscosity at 25°C 
Dielectric Constant at 25°C 
Conductivity at 25°C 
Surface Tension at 26°C 


114.03 

72.5°C 

105.5°C (7) 
-15.36°C (1,2) 
1.4844 g/ml 

12.4 Ib/gal 

28.8 mm (3) 

107 mm 

7949 cal/mol (3) 
125.5 Btu/Ib 

0.813 cp (4) 

42.1 е (5) 

0.026 10°/cm ohm (4) 
13.44 dynes/cm (6) 


(1) Swarts, F., Bull. Acad. Roy. Belg. Classe sci., 8, 343 (1922). 

(2) Cady, H.H. and Cady, G.E., J. Am. Chem. Soc., 76, 915 (1954). 

(3) Taylor, M.D. and Templeman, M.B., J. Am. Chem. Soc., 78, 2950 (1956). 

(4) Fialkov, Y.Y. and Zhikarev, V.S., Zh. Obshch. Khim., 33, 3466, 3471, 3790 (1963). 
(5) Simons, J.H. and Lorentzen, K.E., J. Am. Chem. Soc., 72, 1426 (1950). 

(6) Jasper, J.J. and Wedlick, H.L., J. Chem. Eng. Data, 9, 446 (1964). 
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Table 13.11: (continued) 


см" 


5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900 


PERCENT TRANSMITTANCE 


10 cm Cell 2mm Hg PRESSURE | MICRONS 


Trifluoroacetic Anhydride 
Methyl Trifluoroacetate 

Ethyl Trifluoroacetate 
Trifluoroacetamide 
Trifluoroacetonitrile 
Trifluoroacetyl Chloride 
Trifluoroacetyl Bromide 
Trifluoroacetaldehyde | 
Trifluoroacetaldehyde Hydrate 


INFRARED SPECTRUM OF TRIFLUOROACETIC ACID 


Properties of Derivatives of Trifluoroacetic Acid 


(СҒ-СО):О 
CF4CO,CH; 
СЕзСО.С.Н, 
СЕЗСОМН, 
СЕЗСМ 

СЕ СОС! 

СЕ СОВ г 

СЕ СНО 
CF;CH(OH); 















13 14 15 


Scanned on Beckman IR4 


75 


—130 


68-70 


(continued) 


Spip 


299 
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Table 13.11: (continued) 
SOLUBILITY OF INORGANIC ACIDS 


MISCIBLE INSOLUBLE 


НС, НСЮ, Н,РО, 
HF, HNO;, H;SO, | 










SOLUBILITY OF SALTS IN 100 GRAMS OF TRIFLUOROACETIC ACID AT ABOUT 25'C 


AgF, 91071 Бесь, KCI Ba Ch, Be Cl, Ag Сі ; AICI, 
KCrO, KF KI | се BaSO, 


KMnO, KNO, Na а, N aCrO, Nal Cr, ( 504) 3 СаЕ», FeF; 
NaF, NaNO;, МазРО,, Na,SO, MgF; K CIO, 
МЕ; масі, PbF, 





SOLUBILITY OF METAL TRIFLUOROACETATES IN TRIFLUOROACETIC ACID AT 30°C 


Metal Salt Al Ba Са Cw? Hg? K Mg Na Ni Без“ 
g Salt/100 g acid 0.01 42 6.3 20 50 50 057 13 16 1.2 
* Ref (38) 


It is interesting to note that Si(O,CCF,),, TiO(O,CCF,)., Zr(O,CCF,), and Th(O,CCF,), have been 
prepared (77). The silicon compound exhibits covalent character. 


SOLUBILITY OF GASES AT ABOUT 26'C; PARTIAL PRESSURES 650 mm Hg (38) 
(Units are ml. gas dissolved in one ml. liquid) 





Trifluoroacetic Acid 9.3 0.0 3.5 6.6 4.1 8.6 0.1 0.2 23 
Water 2.1 0.02 0.8 580 423 2.5 0.02 0.03 36 
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Table 13.13: Fatty Acid Composition of Various Fats and Oils (26) 


BABASSU 

BUTTERFAT 

CASTOR 

COCOA BUTTER 

COCONUT 

CORN 

COTTONSEED 

HERRING 

LARD 

LINSEED 

МЕМНАСЕМ 

MUSTARD SEED (MONTANA) 
NEATSFOOT 

OITICICA 

OLIVE 

PALM 

PALM KERNEL 

PEANUT (SOUTHWEST) 
PEANUT (WEST COAST) 
PERILLA 

RAPESEED (HIGH-ERUCIC) 
RAPESEED (MONTANA) 
RICE BRAN 

SAFFLOWER 

SARDINE 

SESAME 

SOYBEAN 

SPERM-BODY FATTY ACIDS 
SPERM-HEAD FATTY ACIDS 
SUNFLOWER 

TALL OIL (Distilled Fatty Acids) 
TALLOW 

TUNG OIL 

WHALE | 


NUMBEA OF CARBON ATOMS 
NUMBER OF DOUBLE BONDS 
MOLECULAR WEIGHT 
NEUTRALIZATION VALUE 
IODINE VALUE 


MELTING POINT —°C 
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Table 13.14: Arizona Chemical ACTINOL Tall Oil Fatty Acids (5) 


UNSAPONI- 
MOISTURE ROSIN ACIDS FIABLES 
% % % 








SAPONIFI- LINOLEIC 
CATION NON-CON- 
VALUE JUGATED 





VISCOSITY FLASH 
OTHERS BY SPECIFIC WEIGHT GARDNER- | VISCOSITY POINT 
LINOLEIC SATURATED DIFFER- GRAVITY PER GAL. HOLDT CPS CLOSED CUP 
CONJUGATED ENCE, % 25%/25% С 25° C, LBS. 25“ С 25“ С 


FA-1 


FA-1 Special 
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Table 13.15: Eastman Chemicals Acids and Anhydrides (41) 

















Color Specific Boiling Freezing Flash Point Fire Assay 
Pt-Co Gravity @ Point Point TOC Point Min Wt 

Form Max 20°/20°C “с “С °C (°F) °C (°F) % 
нн не ТТС REED 
Glacial Acetic Acid* Liquid - 1.05 118 17 43 (109) 64 (148) 99 
(Ethanoic Acid) | 
CHCOOH 
Acetic Anhydride“ Liquid - 1.08 140 -73 56 (132) 58 (137) 99 
(Acetyl Oxide) 
(CH3CO),0 
Butyric Acid Liquid 15 0.96 164 -8 71 (160) 75 (167) 99 
(Ethyl Acetic Acid) 
СЗН;СООН 
Butyric Anhydride Liquid — — 0.97 195 -73 84 (183) 87 (189) 98 
(C3H7CO)20 | 
Crotonic Acid Solid 15 0.96 185 70 94 (202) 97 (207) 99 
(2-Butenoic Acid) (APHA) (80°/4°C) сос 
CH3CH:CHCOOH 
2-Ethylhexoic Acid Liquid 25 0.91 223 -118 118 (245) 127 (260) 99 
(2-Ethylhexanoic Acid) COC 
C4HgCH(C2Hs)COOH 
Isobutyric Acid Liquid 10 0.95 155 -47 62 (143) 67 (152) 99 
(2-Methylpropanoic Acid) 
(СН.);СНСООН 
lsobutyric Anhydride Liquid - 0.95 182 -54 72 (161) 74 (166) 98 
СНО 
Propionic Acid®™®° Liquid 10 0.99 141 -22 54 (130) 58 (137) 99 
C2HsCOOH 
Propionic Anhydride Liquid = 1.01 167 -45 66 (151) 66 (151) 98 
(Сгн«СО);О 





* Available in food grade 
"Kosher certified 
“Available in feed grade 
“Available in reagent grade 


Table 13.16: Halocarbon Products BIOGRADE Trifluoroacetic Acid (25) 


SPECIFICATIONS: 
Assay by titration 99.9% Min. 
Trifluoroacetic Anhydride nil 
Water 0.05% Max. 


Trace Impurities (Maximums) 


Chloride 0.001% 
Fluoride 0.001% 
Sulfate 0.001% 
Iron (Fe) 0.0001% 
Residue after evaporation 0.0002% 
Color (Platinum-Cobalt Scale) 5 Max. 


Ultraviolet Absorbance Maxima (0.1$ in distilled 
water vs. distilled water in 1 cm cell path) 

at 230 nm 0.159 

а 254. пт 0.01% 
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Table 13.17: EMERY Fatty and Dibasic Acids (63) 


Dimer, Timer and Polybasic Acids 


Specifications 
Acid 
Value 
Empol® 1010 Dimer Aci 
жы ты. i ee 
Етро! 1014 Dimer Acid 194-198 
Етро! 1016 Dimer Acid 190-198 
Етро! 1018 Dimer Acid 190-198 
Етро! 1022 Dimer Acid 189-197 
Етро! 1024 Dimer Acid 190-198 
Етрді 1040 Trimer Acid 175-192 
Empol 1041 Trimer Acid 161-181 
Empol 1052 Polybasic Acid ' 250-265? 


2Not a specification. 


max. 


dark 


‘Short path methyl ester fractionation measures the relative molecular size of the various components of these acids. High pressure liquid chromatography 
(HPLC) separates components according to their functionality. 


Comparative Typical Composition! 


Short-Path 
Methyl Ester 
Distillation 

_ 





3By thin layer chromatography. This method determines composition according to functionality. 


Food Grade! Fatty Acids 


Specifications 


iodine 
Titer, Value 
C max. 
Emersol* 6320. 
DP Stearic Acid 939547 3550 
Emersol 6332 NF 
TP Stearic Acide 049995 — 05 
Emersol 6349 
Stearic Acid 59.0-60.5 0.5 
Emersol 6351 
Stearic Acid’ 65-68 10 
Emersol 6313 NF 
Low-titer Oleic Acid? 6 max. 88-93 
Emersol 6321 NF 
Low-titer White Oleic? 6 ТӘ. 8792 
Emersol 6333 NF 8.10 s 


LL Oleic Acid3.* 


Color 


% Trans. 


440/550 


nm., min. 


88/99 


93/99 


88/99 


84/98 


| 75/98 


85/99 


85/99 


Acid 
Value 


205-210 


205-211 


203-206 


196-201 


201-204 


201-204 


200-204 


"Meet the requirements of Federal Food Additive Regulation Section 21CFR 172.860. 
2Typical compositions determined by GLC analysis, AOCS Ce 1-62. These compositions are not manufacturing specifications. 


3USP XXI/NF XVI. 
*Powdered grade also available. 


SEmersol 7051 Kosher Grade available. 
91 (low-linoleic content) oleic: polyunsaturate 6% max. 





Typical Composition? 
| Saturated Acids 
e 
13 43 13 
2252 p 
#5 со ғо 
а 
2.5 05 50 40 
1.5 05 50 47 
3 05 26.5 69 
1 Tr 75 25 88 
3 Tr 5 Tr 3 
3 Tr 5 Tr 3 
3 Tr 6.5 1.5 3 


High Pressure 


Liquid 


Chromatography 


Unsaturated 
З 5 4% 
5% 84 
бо o 

6 

Tr 

1 

6 75 

6 75 
5.5 73.5 


Di 
94 


91 
76 
79 
77 
77 
18 
35 
343 


5.5 


Роу 
2 


5 
18 
15 
14 
15 
80 
62 
633 


Linolenic 
CigHa902 


0.5 


(continued) 
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Table 13.17: (continued) 
Coconut Fatty Acids 








Specifications Typical! Composition! 
Color 
А Е | єч єч е 9 ~ d ~“ 
% Trans. Gardner = е Ф ез 3% 23 53 $2 F 
Titer, юй 4050 196; Аи 3% 833 3% ++ зе де бъ Е 
: : od <5 5 Фо во e 5 а 
90 Value nm., min. max. Value 
Emery? 621 Coconut 
Fatty Acid 23-27 5-16 30/80 52 258-268 4 5 48 20 10 2 10 1 
Emery 622 Coconut | 5 
Fatty Acid 22-26 5-10 65/96 2 268-276 | 7 6 48 19 9 д 8 1 
Emery 625 Partially Hydro- | | 
genated Coconut Fatty Acid 23-25 5.0 max. 85/98 1 | 269-273 7 6 49 19 9 7 3 
Emery 626 Low IV Ultra | | 
Coconut Fatty Acid? 23-26 | 1.0 max. 85/99 1 270-276 | 7 6 51 18 1 7 1 
Emery 627 Low IV, Stripped, „. 
Ultra Coconut Fatty Acid 222 1.0 9098 1 5228 1 85 2 n w 1 
Emery 629 Stripped, P у | 
Coconut Fatty Acid 27-30 | 6-10 88/98 1 253-259 1 55 23 12 3 5 
Typical compositions determined by GLC analysis, AOCS Ce 1-62. These compositions are not manufacturing specifications. 
2Typical property. | 
ЗЕтегу 7026 Kosher Grade available. 
iIsostearic Acids 
| Specifications 
Color 
% Trans. 
Titer, lodine 440/550, Acid 
eC, max. Value nm., min. Value 
Emersol* 871 Isostearic Acid 10 12 max. 30/85 | 175 min. 
Emersol 875 Isostearic Acid 10 3 max. 85/98 187-197 
Oleic Acids 
Specifications Typical Composition! 
Saturated Acids Unsaturated Acids 
e 
2 о = а 6 = © '5 о. ue 
Titer, iodine ^ 440/550 Acid © #© Бо Со Ес о #5 бо oO AS AS 
ос Value nm., min. Value ~ 
Emersol® 210 
Oleic Acid | 7-12 87-95 2/30 4 6 71 8 1 
Emersol 213 NF 5 max. 88-95 56/86 


Low-titer Oleic Acid2.3 3 6 73 8 1 


Emersol 221 NF Low- 


titer White Oleic Acid?:3 3 7 73 8 1 


5 тах. 88-95 77/98 





Emerso! 223 NF | | 
Ultra Oleic Acid? 5 тах. 88-95 8599 1992041 И 3 Tr 4 1 T1T|3 7 7 8 1 
Emersol 233 LL | | 

Oleic Acidé 6 max. 86-90 78/99 200-204 | Tr 3 Tr 4 1 Tr 3 11 74 4 Tr 


'Typical compositions determined by GLC analysis, AOCS Ce 1-62. These compositions are not manufacturing specifications. 
Corresponding food grade products available 

ЗЕог external use only, USP XXI/NF XVI. 

44 (low-linoleic content) oleic: polyunsaturates 5% max. 
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Table 13.17: (continued) 
Short-Chain Acids? 





Specifications Typical Composition! 
| Color ~ о ~ ~ ~ : : 
lodine % Trans. 5 =. + Ф = < 2 З = $ 
Titer, Value 440/550 Acid 8 T 8% 5% LE zs в 
eC max. nm., min. Value = T г. 
Emery® 657 j 
Caprylic Acid 14-16 0.2 88/99 385-390 Tr 99 1 
Emery 658 5 і 
Caprylic-Capric Acid 1-6 0.3 88/99 356-366 3 56 40 1 
Emery 659 | 
Сарпс Acid 28-31 0.5 88/99 322-326 1 97 2 
Eme 529 33-35 04 85/97 268-272 п 28 1 
Lauric Acid 
Emery 651 ! : 
Lauric Acid 41-43 0.2 90/98 276-282 Tr 1 96 3 
Emery 652 ; : 
Laurie. Atid 43 min. 0.2 90/98 277-281 Tr 0.3 99 0.7 
Emery 655 x | 
Myristic Acid 52.0-53.5 0.5 90/99 243-246 1 97 2 
!Typical compositions determined by GLC analysis, AOCS Се 1-62. These compositions are not manufacturing specifications. 
?Kosher Grades of these acids are available. 
Stearic and Palmitic Acids 
Specifications Typical Composition! 
Unsaturated 
Saturated Acids Acids 
2 
Color об 55 25 25 во 89 | 89 „2 338 
— = = = ә 
% Trans. е SP ef Ss sf ez Ех sz $i 
| < ша Бе ок по ба |Е а О е = э 
Titer, lodine 440/550 Acid 2 «5 со ag о о <о | во о о 
°C Value пт., min. Value = 
Emersol® 110 Stearic Acid 528535 812 60/94 | 205-010 | 25 05 50 2 35 | 9 1 
Emersol 120 Stearic Acid? 537-54. 57 88/99 205210125 1 50 25 39 | 5 T 
Emersol 132 NF Lily® Stearic Acid2.3.4 54.5-55.5 0.5 тах. 93/99 205-210 | 25 05 50 15 455 
Emersol 143 Palmitic Acid 58-61 1 max. 93/99 215-223 | Tr 05 9 45 4 
Emersol 150 Stearic Acids 639-550 1ma. 9399 — 197-20 |2 .1 #1 2 8 | 1 
Emerso! 152 NF Stearic Acids 66.5-69.0 | 1 тах. 80/97 196-199 7. 90 3 
Emersol 153 NF Stearic Acid? 6769 1 тах 8097 1961991 5 9 | 
Emery 400 Stearic Acid 52 тіп. 95 тах. | | 140 19722102] __________________ 
Emery 404 Stearic Acid 535-545 6-9 1/50 эж O 
Emery 405 Stearic Acid 57 тіп. | б тах. || 40/86 19-25, ©. | 
Emery 410 Stearic Acid 561-600 7 тах 40/86 19520913 | 05 25 2 6 | | 125 4 
Emery 420 Stearic Acid 57.2-63.0 1 тах. 85/98 200-207 | 4 05 29 15 6 — Tr Tr 
Emery 422 Stearic Acid 55.8-60.0 1 тах. 90/99 203-209 | 3 Tr 41 1 55 


‘Typical compositions determined by GLC analysis, AOCS Ce 1-62. These compositions are not manufacturing specifications. 
?Corresponding food grade products available: | 

For external use only, USP XXI/NF XVI. 

“Powdered grade also available. 

s80% minimum stearic content. 

STentative specification. 
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Table 13.17: (continued) 


Taliow and Modified Fatty Acids 


Specifications Typical Composition! 
Satursted Acids Unsaturated Acids 
Color $$ 13 і З #4 
% Trans. Ез $i 2% 23 
Titer, ^ lodine 440/550 Acid eo 5 о 36 
oC Value nm., min. Value 





Emery® 531 Tallow Fatty Acid 36-44 4570 19x81 20020 | 25 05 2 1 __17| 4 4 5 1| 
Emery 401 Fatty Acid 4453 3444 || 8095 _ 199200 | — 5 | 


Emery 876 Fatty Acid 3545 26 - 22 | 
Emery 877 Fatty Acid 34-45 2 тах. 471932 240-270 80% Monobasic acids, 20% dibasic acids 
Emery 878 Fatty Acid = 1 тах. 70/95 295-315 


"Typical compositions determined by GLC analysis, AOCS Ce 1-62. These compositions are not manufacturing specifications. 
Not a specification. 


Tallow/Coconut Fatty Acid Blends 








Specifications 
Color 
% Trans. 
Acid lodine Titer, 440/550 
Value Value ог nm., min. 
Emery? 515 Fatty Acid 212-218 44-54 35-40 72/96 
Emery 516 Fatty Acid 214-216 35-42 |. 988-45 70/94 
Emery 517 Fatty Acid 216-222 42 max. 37-40.5 78/94 
Linolelc and Vegetable Fatty Acids 
Specifications Typical Composition! 
| ме 8885 Unsaturated Acids 
А 2 ; 
90 Trans. Gardner É SE 3 = 9 x 2 = 
Titer юте 440/550 1983, Acid то 8 о то шо 
eC Value nm., min. тах. Value 
Етегво 315 Se eee 
Linoleic Acid 5 max. 145-160 72/96 3 195-202 0.5 Tr 3.5 Tr 0.5 Tr Tr 195 655 10.5 
Emery® 610 ! 
Soya Fatty Acid 15-25 125-138 60/90 3 195-206 | Tr 05 16 Tr 4 1 255 48 5 


Emery 818 Soya ? у 


'Typical compositions determined by GLC analysis, AOCS Ce 1-62. These compositions are not manufacturing specifications. 
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Table 13.18: INDUSTRENE and HYSTRENE Fatty and Dibasic Acids (26) 


CAPRYLIC/CAPRIC ACIDS 


SPECIFICATIONS TYPICAL ЕЕ CHAIN расна 


ACID DESCRIPTION % % TRANS COLOR 
(CTFA ADOPTED NAME) TITER IODINE ACID UNSAP 440/550 MX 


PRODUCT CAS NUMBER “с VALUE VALUE MAX nm, MIN — —— 
Industrene Caprylic/Capric 6 Мах ІМах 355-369 1 70/92 5.0Ү-0.5Е| 60 38 
365" (Mixture Caprylic/ 
i Capric Acid) 
67762-36-1 
* Available only in bulk 
Typical moisture levels are below 0.396. | 


LAURIC AND MYRISTIC ACIDS 


















SPECIFICATIONS TYPICAL CARBON CHAIN COMPOSITION 


(CTFA ADOPTED NAME) TITER IODINE ACID ОМЅАР 440/550 овоо SATURATED OTHERS 
PRODUCT CAS NUMBER “с УАШЕ УАШЕ МАХ nm, MIN C6 C10 Ci2 C14 C16 са8| Сі81 | 














Industrene Distilled Coconut 
325 (Coconut Acid) 
61788-47-4 





22-27 5-10 265-277 0.5 65/90 8.0Y-0.8R[7 6 50 19 9 2 












Industrene Hydrogenated 266-274 

223 Coconut 
(Hydrogenated 
Coconut Acid) 


67701-05-7 


2.0Y-0.2R 
















Industrene Stripped Coconut 252-260 
328 (Coconut Acid) 


61788-47-4 


3.0Y-0.3R 















Hystrene Hydrogenated 250-260 2.0Y-0.2R 
5012 Stripped Coconut 

(Hydrogenated 

Coconut Acid) 


143-07-7 












Hystrene 9596 Lauric 
9512 (Lauric Acid) 
143-07-7 


275-281 2.0Y-0.2R 




















Hystrene 9996 Laurlc 
9912 (Lauric Acid) 
143-07-7 


276-281 





1.0Y-0.1R 









Hystrene 9096 Мупзис 
9014 (Myristic Acid) 
544-63-8 


238-245 2.0Y-0.2R 














Пуѕігепе 95% Myristle 
9514 (Myristic Acid) 
544-63-8 


Typical moisture levels are below 0.3%. 


241-247 1.0Y-0,1R 


(continued) 
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Table 13.18: (continued) 





STEARIC AND PALMITIC ACIDS 


SPECIFICATIONS TYPICAL CARBON CHAIN COMPOSITION 
(CTFA ADOPTED МАМЕ) TITER IODINE ACID UNSAP 440/550 COLOR SATURATED OTHERS 

PRODUCT CAS NUMBER "с УАШЕ УАЦИЕ МАХ nm, MIN MAX са сє св | са | 
Hystrene 9096 Palmitic 59-62 0.5 Мах 214-219 0.2 92/98  1.0Y-O.IR 92 6 1 
9016 (Palmitic Acid) Lovibond 

57-10-3 
Industrene Double Pressed 53-56 4-7 207-210 0.5 88/96  1.5Y-0.2R 46 42 5 4 
5016 Grade Lovibond | 

(Stearic Acid) 

57-11-4 
Hystrene Triple Pressed 54.5-56.5 0.5 Мах 206-210 0.2 92/98 1.0Y-0.1R 51 45 2 
5016 NF-EXT Grade Lovibond 

(Stearic Acid) 

57-11-4 
Нузігепе Triple Pressed 55-57 0.7 Мах 205-210 0.2 88/96 1.5Y-0.2R 52 46 1 
5016 Огаде Lovibond 
NF-EXT-VEG (Stearic Acid) 

57-11-4 
Industrene 45% Palmitic 54-57 2Max 204-209 1 88/96 1.5Y-0.2R 44 52 2 
4516 (Palmitic Acid) Lovibond 

57-11-4 
Hystrene 4596 Palmitic 55-58 0.8 Max 203-209 0.25 92/98  1.0Y-0.1R 43 52 3 
4516 (Palmitic Acid) Lovibond 

57-11-4 
Industrene R Stearic Acid 52-64 10 Max 193-213 3 12 

57-11-4 Gardner 
Industrene B Stearic Acid 57-63 3Max 198-207 1 40/86 3 28 65 4 

§7-11-4 Gardner 
Industrene 70% Stearic 58-62 1 Мах 200-207 0.5 70/92  5.0Y-O.5R 28 65 4 
7018 (Stearic Acid) Lovibond 

57-11-4 
Hystrene 70% Stearic 58-62 0.5 Мах 200-206 0.3 92/98  1.0Y-0.IR 28 66 4 
7018 (Stearic Acid) Lovibond 

57-11-4 
Industrene 9096 Stearic 65-68.5 2 Мах 195-201 0.5 70/92 5.0Y-0.5R 6 91 3 
9018 (Stearic Acid) Lovibond 

57-11-4 
Hystrene 9296 Stearic 66.5-69 0.8 Мах 195-200 0.3 92/98  1.0Y-O.IR 4 94 2 
9718 NF-EXT (Stearic Acid) Lovibond 

57-11-4 
Hystrene 9296 Stenric 66.5-69 0.8 Мах 195-200 0.3 92/98  1.0Y-O.IR 5 94 1 
9718 {Stearic Acid) Lovibond 
NF-EXT-VEG 57-11-4 


Typical moisture levels are below 0.3%. 


(continued) 
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Table 13.18: (continued) 


ARACHIDIC AND BEHENIC ACIDS | 


| SPECIFICATIONS TYPICAL CARBON CHAIN COMPOSITION 
ACID DESCRIPTION * % TRANS COLOR 
(CTFA ADOPTED NAME) TITER IODINE ACID UNSAP 440/550 GARDNER OTHERS 
PROOUCT CAS NUMBER "с VALUE VALUE MAX nm, MIN MAX C14 C16 C18 620 C20&C22 C22 
i 
: Hystrene 30% Arachidic 193-201 1.5 4 
: 3022 and Behenic 
: (Hydrogenated 
Menhaden Acid) 
112-85-6 
Hystrene 55% Arachidic 178-185 5 
5522. and Behenic 
(Hydrogenated 
Menhaden Acid) 
112-85-6 
Hystrene 60% Arachidic 169-177 3 
6022 and Behenic 
| (Behenic Acid) 
í 112-85-6 
Hystrene 70% Arachidic 170-180 5 
7022 and Behenic 
(Behenic Acid) 
112-85-6 
; Hystrene 9096 Arachidic 165-175 4 
9022 and Behenic 
(Behenic Acid) 
112-85-6 
| Hystrene 92% Behenic 162-169 2 
9222 (Behenic Acid) 
112-85-6 


j 
| Typical moisture levels are below 0.3%. 





| ERUCIC ACIDS 


ACID DESCRIPTION 


(CTFA ADOPTED NAME) TITER ЮБМЕ 
PRODUCT CAS NUMBER “с VALUE 
Hystrene 90% Erucic 27-37 65-90 
2290 112-86-7 





SPECIFICATIONS TYPICAL CARBON CHAIN COMPOSITION 
% COLOR 
ACID UNSAP GARDNER SATURATED & UNSATURATED OTHERS 
VALUE MAX MAX cis с20 22 с24 


160-185 2.0 


(continued) 
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Table 13.18: (continued) 


TALLOW TYPE ACIDS 






SPECIFICATIONS TYPICAL CARBON CHAIN COMPOSITION 
ACID DESCRIPTION % % TRANS NI 
(CTFA ADOPTED NAME) TITER JODINE ACID UNSAP 440/550 COLOR UNSATURATED — | OTHERS 
PRODUCT CAS NUMBER °c VALUE VALUE МАХ nm, MIN MAX C12 614 сів 618 |C16:1 Ci&:1 С18:2 











Hystrene Soap Blend 40 Max 36-42 214-222 l 78/94 4.0Y-0.4R 

1835 (Mixture Tallow/ Lovibond 
Coconut Acid} 

67701-0585 -7 












Industrene Tallow Type 39-43 45-65 201-206 1.5 5 
143 61790-37-2 Сагдпег 





Industrene Tallow Type 44-49 36-44 198-207 1.0 80/93 
145 61790-37-2 









Typical moisture levels are below 0.396. 


OLEIC ACIDS 






SPECIFICATIONS TYPICAL CARSON CHAIN COMPOSITION 
(CTFA ADOPTED NAME) TITER IODINE ACID UNSAP COLOR SATURATED OTHERS 
PRODUCT CAS NUMBER "с VALUE VALUE MAX MAX C14  Ci6 С18! С1641 C181 C182 С18:3 























Industrene — High-Titer Oleic 
105 (Oleic Acid) 
112-80-1 
















Industrene Oleic 
106 (Oleic Acid) 
112-80-1 


198-204 





Gardner 
















Industrene Oleic 
205 (Oleic Acid) 
112-80-1 


5.0Y-0.5R 
Lovibond 














Industrene Low-Titer Oleic 
206 (Oletc Acid) 
112-80-1 





199-204 






7.0Y-1.2R 
Lovibond 








Industrene Canola 
210 67701-08-0 


100-125 190-210 10Y-1.5R 


Lovibond 










Typical moisture levels are below 0.3%. 
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Table 13.18: (continued) 


LINOLEIC AND LINOLENIC ACIDS | 


SPECIFICATIONS TYPICAL CARBON CHAIN COMPOSITION 

ACID DESCRIPTION % STRANS COLOR ee ae ae 

(СТЕА ADOPTED NAME) TITER IODINE ACID UNSAP 440/550 GARDNER SATURATED OTHERS 

PRODUCT CAS NUMBER "с VALUE VALUE MAX nm, MIN MAX С18:1 С162  C18:3 
Industrene Linseed 185-200 197-202 1 
120 (Linolenic Acid) 

68424-45-3 
Industrene Oleic-Linoleic 198-206 4 
130 87701-06-8 
Industrene Soya 135-150 195-201 2 
225 (Linoleic Acid} - 

87701-08-0 
Industrene Soya 127-138 195-203 2 
226 (Linolele Acid) 

67701-08-0 





Тургса! moisture levels are below 0.3%. 


Foop AND KOSHER GRADE ACIDS ; 











SPECIFICATIONS TYPICAL CARBON CHAIN COMPOSITION 
мані З А РР Р 
(CTFA ADOPTED NAME) TITER IODINE ACID UNSAP 440/550 COLOR UNSATURATED |OTHERS 
PROOUCT CAS NUMBER KOSHER "с VALUE VALUE MAX | пт, МІН МАХ C14 С16 С18 |С18:1 С18:2 С18:3 









Hystrene 45% Palmitic Е 
4516 NF-FG  (Palmitic Acid) 
87-11-4 


55-59 0.6 Мах 203-209 0.25 92/98 1.0Y-0.1R. 
Lovibond 


















Hystrene Triple Pressed 

5016 NF-FG Stearic 
(Stearic Acid) 

87-11-4 


54.5-56.5 0.5 Мах 206-210 0.2 92/98 1.0Y-0.1R 
Lovibond 












Hystrene Triple Pressed 
5016 Stearic 
NF-FG-VEG {Stearic Acid) 
57-11-4 


55-57 0.5 Мах 205-210 0.2 92/98 1.0Y-0.1R 
Lovibond 




















Hystrene 70% Stearic 58-62 0.5 Мах 200-205 03 92/98 1.0Y-0.IR 
7018 FG (Hydrogenated Lovibond 
Tallow Acid) 
57-11-4 









Industrene 87% Stearic и 
8718 ЕС {Stearic Acid) 
57-11-4 


66-68 1 Мах 195-200 0.5 92/98 1.0Y-O.IR 
Lovibond 













Hystrene 9296 Stearic 
9718 (Stearic Actd) 
NF-FG 57-11-4 


66.5-69 0.5 Мах 195-200 0.3 92/98 1.0У-0.1В 
Lovibond 


















Industrene Distilled Soya = 26 Мах 127-138 195-203 2 70/85 3 
226 Ка (Soya Acid) Gardner 
87701-08-0 





S Materials available in Kosher grade. 
Typical moisture levels are below 0.3%. 


Table 13.19: NEO-FAT Fatty Acids (59) 


APPROXIMATE CHEMICAL COMPOSITION 
SPECIFICATIONS (GAS CHROMATOGRAPHY) 


~ 
ZO 
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ИМЗАТИНАТЕС 
ACIDS OLEIC 





108- 7УГ 





UNSATURATED EJ Distilled Animal Acid 
ACIDS— OTHER = 


*Ester Number 1 Maximum 
xxxPeroxide Index Max 1 
ххЕјазн Point Min 300°F 


t2 Hours at 200°C; 5%” Lovibond Cell. ( ова) 
сопипи 


IPoiyunsaturates Max 596 








189 РОК 


Table 13.19: (continued) 


PROPERTIES OF FATTY ACIDS—SATURATED, UNSATURATED, AND SUBSTITUTED 


i ча 
Viscosity index of 
Number of cantiiposes refraction 
Systematic name C atoms C) 

Saturated i 
(аре Decanoic | 10 2.88 (70) 714130 (80) 

Undecylic Undecanoic 1] 7.30 (50) 1.4164 (80) 

Lauric Dodecanoic 12 443 (70) 14191 (80) 

Мупяк Tetradecanoic 14 5.83 (70) 1.4236 (80) 

C Penudecylic Репіайесапоіс 15 14254 (80) 

Рат Hexadecanoic 16 7.8 (70) 1.4272 (80) 

' Margaric Heptadecanoic 1 ` 1.4287 (80) 
Stearic Octadecanoic 18 = 9.87 (70) 4.4299 (80) 
Arachidic Éicosanoic 20 1.4250 (100) 
Behenic Docosanoic 22 1.4270 (100) 
Unsaturated — почне 
Palmitoleic — 9-Hexadecenoic 16 1.44103 (70) 
Oleic 9-Octadecenoic 18 9.41 (60) 1.4582 (20). 
Егиск 13-Docosenoic 22 | | | __14758 (20) _ 
Linoleic 912-Octadecadienoic | 18 77 14699 (20) 

-Linolenic 9,12,15-Octadecatrienoic 18 _ 1.480 (20). 
С Беойеапс 9,11,13-Octadecatrienoic 18 глада 15112 (50). 


, Eweseaic — SillROcadeatremic —— 18 === 


Substituted 
Ricinoleic 12- Hydroxy-9-octadecenoic 18 1.4716 (20) 


Vernolic 12-Epoxy-9-octadecenoic 18 1.4628 (40) 


да е-е ------- 


UNSATURATED FATTY ACIDS (C,H,,.»,0; where x is an integer from 1 to 5) 


Acid Meltin iodine Molecular 


Common Geneva ' 
N Nomencisture Chemica! Formula Value Point ° Value Weight 


ame 
ONE DOUBLE BOND | 


Myristoleic 9- Tetradecenoic Сн СН.) СН CH(CH ;COO0H 247.87 —40 12 226.35 

Palmitoleic | 9-Hexadecenoit CH,(CH,),CH= CH(CH,),COOH 220.53 05 100 258.40 

Оек cis-9-Octadecenoic CH,(CH,),CH= CH(CH:} COOH 19863 134 90 28245 
ТГ trans-9-Octadecenoic снисно CH» CH(CH ),CO0H 19863 465 о 28245 
Erucic cis- 13-Docosenoic CHACH CH CH(CH;):;COOH 16572 ЗАЈ 7 33857 


чек И Бил ОИЕ НЕ Сао нан ИН ИН 
TWO DOUBLE BONDS 


Linoleic 9, 12-Octadecadienoic CHCH) CH= СНСН;СН:- СН(СН.): СООН 200.06 --5.0 181 280,44 


THREE DOUBLE BONDS 


Linolenic 9, 12, 15-Octadecatrienoic СН.СНСН» CHCH,CH= CHCH,CH= CH(CH,);COOH 20151 — —10.5 273 278.42 


afleostearic 9, 11, 13-Осіайесаќгіепіс СНҚСН.).СНе CHCH= CHCH= СН(СН,),СООН 201.51 49.0 273 278.42 


ea АААЬАНАЬЬАЬЬЬЬЬАЕЕАААААЫААНАЕЬАВААЕАЕЕЕЕЕ 
SATURATED FATTY ACIDS (С.Н..0:) 


a —————————--——— 








“Name Komene iatis ша и ти Value Point € 
' Acetic n-Ethanoic CH,COOH 60.05 934.26 16.6 
Butyric n- Butanoic C,H;COOH 88.10 636.79 — 7.9 
Сартоіс n-Hexanoic C,H,,COOH 116.15 483.00 -34: 
Caprylic n-Octanoic C-H,,CO0H 144.21 тоа ом 
Capric n-Decanoic CoH, sCOOH 172.26 325.69 31.6 
ЕТТІ n-Dodecanoic C, Ha COOH 200.3] 280.08 44.2 
Myristic n- Tetradecanoic СН „СООН 228.36 245.68 53.9 
Palmitic n-Hexadecanoic Съ, На СООН 256.42 218.80 63.1 
Stearic n-Octadecanoic С, На, СООН 284.47 197.23 69.6 
Arachidic n-Eicosanoic CisHssCOOH 312.52 179.52 753 
Behenic n-Docosanoic с. Н,„СООН 340.57 164.73 79.9 
Lignoceric n-Tetracosanoic С. Н.:СООН 368.62 152.20 84.2 


yooqpuvH sjuaaAjog [рїйупрц — C989 


Acids 683 


Table 13.20: Proctor & Gamble Fatty Acids (39) 
Fatty Acids 


f ; Whele-Cut Coconet Type Whole-Cut Tollow Type =| Soya Sunflower | Conola — |Tallow/Coco 
Chemical Properties са соз са се cno |m та та 5-205 TC-1O10T 
Acid Value 26-273 ып ыз ыт ола | 200-208 200-208 200-70 200 appx, [194-202 (24-28 

gm пп) umm (т ой је (00 (205) (77) 
lodine Value 13 тох. 5дта. Мтк 90 Ит |50 4% 4 140 appx. 36-41 
шо (02 ва (6) un) (0 (80 (39) 
Moisture (% KF) 03 тох 03 тох 03 тох 02 тох 0.3 тох. | 03 тох. 0.3 тох 05 тох. [|015 тох. 0.3 тох. |0.3 тох. 
(0) (03) (009 (005) | (005) (005) — 10) — [(004) (004) 
матење | ГТ 
Color, Gardner (1963) 3 mox. Smo. mx 
«n а “е (08 2 (2) (4) 
Color, % Transmittance 85/95 min. 85/95 min. 85/95 min. 80/95 min. 80/33 mie. 76/93 min, 
@ 440nm/550nm 9/0) (0) (9) (80/96) | (45/97) (94/98) 
Average Molecular Wei 
—— e om om ош om ue съз о ја Ја jm joe 
Titer (Q) 38-42 
0О( 09 4) 09 (25) (40) 


ише 
men | ЕЕ | 
<1 <1 ) 1 1 


C6 Caproic 

C8 Coprylic 

C10 Capric 

C12 Lavric 

C14 Myristic 
C16 Polmitic 
Clé=1 Polmitoleic 
C17 Могдогк 
C18 Stearic 
C18=1 Oleic 
C18=2 Linoleic 
C18=3 Linolenic 
C20 Arachidic 


| 03 05 
CAS No. ыты! от) тб 6579-57 отым | 204 0700068. 42701068. [6770080 | 701080. 18270080. [57701068 





Light Cut Fatty Acid and Methyl Ester 


Fractionated 





Chemical Properties C-810 с-8101° СЕ-810 (-895 (-898 (-899* (4095 11095 














Saponification Value 370 mox 366 mox 395 max 395 max 386-390 331 max 295-305 
(365) (386) (374) (302) 
Add Valve 358-368 345-365 0.5 max 380-394 380-394 385-389 ‚320-330 0.5 max 
| (384) (357) (0.2) (386) (324) (0.3) 
lodine Value 0.5 max 0.5 тох 0.5 тах 0.2 max 0.2 mox 0.2 тах 0.5 max 0.6 тох 
(0.2) (0.2) (0.2) (01) (0.3) (0.3) 
Moisture, (%, KF) 0.2 max 0.2 max 0.15 max 0.2 max 0.2 max 0.2 max 0.2 max 0.15 max 
(0.04) (0.06) (0.06) (0.03) (0.03) (0.04) 
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Table 13.20: (continued) 


Physical Properties 




















е | | 3/08 тах 10/1 тах В тах 
£17." Ydlow /Red (Ae АЦА AP uA 
Color-% Transmittance 95 min 
@ 460nm/550nm 
Avg. Molecular Weight (154) (157) (145) (173) 
Titer, (О (3) (3) (30) 
Specific Gravity 25/25 C (0.874) 
Melting Point (C) : 
—-————nnm—  À————————J—— J4Á—————————— T Q——————AÉÁH——————— НЄ 
Approximate Composition 
C6 Coproic (по уш Дре —" max 
СВ Caprylic 53-60 53-63 95.0 min 98.0 min 99.0 min 
(55) (57) (975) (0.9) 
C10 Copric 34-42 37-47 | 1.0 mox 95.0 min 95.0 min 
(39) (41) (1.5) (96.9) (96.6) 
C12 Lovric 2 max 1.5 тох 0.5 тох 
(04) (0.6) (0.0) (14) (17) 
C14 Myristic (0.2) 
CAS No. 67762-361 — 67762-36-] 124-07-02 124-07-02 124-0702 334-485 10-42-9 
База не ен ЛЕВ КО Б ОСИ ын БУ НЕ РОСА РЕ РА У СБК СР Р СЕН РЕНО ЛРУ ERE НАУ 
Table 13.21: Union Carbide Acids (79) 
2-Ethylhexoic Acid Isopentanoic Acid Propionic Acid Valeric Acid 
C,H,CH(C,H,)COCH C,H,COOH C,H,COOH C,H,COOH 
Molecular Weight 144.21 102.13 74.08 102.13 
Pounds per gallon (220*C 7.56 7.76 8.28 6.9 
Specific Gravity @ 20°/20°C 0.09077 0.9323 0.9952 0.9406 
Boiling Point @ 760 mmHg, °C 227.0 175.0 140.8 185.5 
Vapor Pressure @ 20°C, mmHg >0.1 0.21 2.4 0.1 
Percent Solubility @ 20°C 
In Water 0.1 — Complete 2.4 
Water In 1.4 -- | Complete 13.0 
CAS Registration Number 149-57-5 503-74-2 79-09-4 109-52-4 


: (continued) 


Tabie 13.21 


VAPOR PRESSURES AT VARIOUS TEMPERATURES 


VAPOR PRESSURES AT VARIOUS TEMPERATURES 


TEMPERATURE, °F. 


TEMPERATURE, °F. 
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Amines 


Table 14.1: Monomethylamine (2) 


CH3NH, 


Monomethylamine is a colorless, flammable gos with a strong ammoniacal odor; 
it is sold commercially as a 30% by weight aqueaus solution. It is saluble in 
ethyl alcohol, ethyl ether, and many other organic substances, as well as in 
water. [t is used in the tanning industry, in the manufacture of dyestuffs, in 
many synthetic products, and in the treatment of cellulose acetate rayon for 
dyeing. 


Typicol Properties and Specifications 


Boiling point (75 mm.) -6°С. 

Flash paint (30% salution) 0.3°C. 

Melting point -92.5°С. 

Specific gravity at -10.8°/15°C. 0.699 

Solubility in water Very saluble 

Weight per gallon (30% solution) at 68°F. 7.7 lbs. 

Ammonia Less than 0.2% by weight 
of solution 

Concentration 3 to 3.5% by weight in 
water gas 

Formaldehyde Less than 0.3% by weight 
of salution 


Purity Not less than 98 mal % of 


total omines 


Table 14.2: Dimethyiamine (2) 


(CH3) NH 


Dimethylamine is a colorless gas with a strong ammoniaca! odor. The commercial 
product is an aqueous solution containing 25% by weight of dimethylamine. It is 
soluble in ethyl alcohol, ethy! ether, water, and many organic solvents. It is used 
as a dehairing agent in the tanning industry, in the manufacture of antioxidants, 
dyes, flotation agents, gasoline stabilizers, pharmaceuticals, rubber accelerators, 


emulsifiers, and cleaning compounds. (continued) 
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Table 14.2: (continued) 


Typical Properties and Specifications 


Boiling point (764 mm.) 7.2 to 7.3?C. 


Description Gas at ordinary temperature 
Flash point (25% solution) Approx. 6.25°C. 

Melting point -96°С. 

Specific gravity at -6?C. 0.6865 
Solubility in water Soluble 

Weight per gallon (25% solution, 68°F.) Approx. 7.8 lbs. 

Ammonia Not more than 1% by wt. of sol. 
Concentration 25 to 25.5% by wt. in water 


Formaldehyde Not more than 0.5% by wt. of sol. 
Purity Not less than 98 mol % of 
total amines 


Table 14.3: Trimethylamine (2) 


(CH3)3N 


Trimethylamine is a colorless, flammable, easily condensible gas with a pungent, 
ammoniacal odor. The commercial product is an aqueous solution containing 25% 
by weight of trimethylamine. lt is very soluble in water and is used as a warning 
agent in bottled gas, as an insect attractant, and in organic synthesis. 


Typical Properties and Specificati ons 


Boiling point 

Critical temperature 
Critical pressure 
Decomposition temperature 
Dielectric constant at 4?C. 
Electrical conductivity 


Heat of combustian 
lonization constant at 25°C. 


Heat of evapori zation at ВР 
Melting point 

Specific gravity at -5?C. 
Surface tension at -4°C. 
Solubility in water at 19°C. 


Absolute viscosity at -33.5?C. 
Ammonia 


Formaldehyde 


Purity 


Approx. 3.5°C. 

161°C. 

41 atm. 

800 to 1300°C. 

2.9 

2.2 х 10:12 reciprical ohms 
ар -33.5"С. 

978.6 kg. cal. per mol 

6.5 x 1079 for solutions 
0.001 N to 0.06N 

95.6 cal. per g. 

-124°С. 

0.662 

17.4 дупез рег ст. 

| liter of aqueous saturated solution 
contains 410 g. af amine 

3.208 millipoises 

Not more than 0.2% by wt. 

.. of solution 

Not more than 0.396 by wt. 
of solution 

Not less than 98 mol 96 
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Table 14.4: Freezing Points of Aqueous Methylamine Solutions (34) 











WT % METHYLAMINE 


Table 14.5: Binary Azeotropes of Methylamines (34) 


A — Monomethylamine Azeotrope Wt. 96 A 
B — Component as follows: b.p., °C 
Trimethylamine at 760 mm - 6.5 70 
60 psig 36 85 
210 psig 75 90-92 
1-3 Butadiene - 9.5 41.4 
1-Butene -- 13 22.2 
cis-2-Butene - 9.6 47.5 
trans-2-Butene -10.4 48.5 
1-Butene-3-yne - 6.8 97.5 
Isoprene Minimum B.P. 
2-Methylpropane —19.9 25.5 
2-Methylpropene -14.3 32 
Butane -14.0 37.6 
Amylenes Minimum В.Р. 


a ap IS 


A= Dimethylamine 
B — Component as follows: 
Trimethylamine at 760 mm 
107 psig 
Ammonia 
3-Methyl-1-Butene 


A= Trimethylamine 

B — Component as follows: 
Dimethyl ether 
1-Butene 
2-Methylpropene 
n-Butane 
2-Methylipropane 
Acetic acid 
Ammonia 
Boron trifluoride 
Formic acid 


73 


149 
—34 
230 
179 


Non-azeotrope 
Non-azeotrope 


Non-azeotrope 
Non-azeotrope 
Non-azeotrope 
Non-azeotrope 
Non-azeotrope 


26 
72 


20 


47 
75 


solubility of some inorganic salts in methylamines 


бу Ск) Ск) 


Table 14.6: Solubility Data for Methylamines (34) 


бө (е Ст) 


SALT SALT 
Agi v v Ai hè У v 5 
AgNO; v v - KAg(CN); - 5 = 
Ав:50: 5 — - KCN — 5 - 
Ай:50. Ај - - кі -- 5 і 
ВаВг, - 5 -- KNO: 5 -- - 
ВаЬ Ау Ау As K,PtCl. = 5 - 
Ва(МО.); 5 5 5 K,PtCl, 5 - — 
Ва(5см), v m і KSCN v и - 
BiBr, - v - ше v m - 
ВІСІ. А т - -- Ме(МО)); - As ~ 
Ви, Ау v S NaBr - 5 
Ві,5; 5 = масіо, т 5 ~ 
Вг,“ v Rv - мамо, У 5 5 
сас, і -- - NiSO, і -- -- 
Са, ~ v - P (red) 5 - i 
Са(мо у; т i i P (yellow): m ЗА яз 
CdBr, - Am - РЫН"; - m - 
Cd(CN) - m = РЫ,4 As As As 
са, - У т Pb(SCN); Av ~ m 
Crn(SO44 i - — РЯ, - 5 = 
CuCl R - - 5 v ~ 5 
CuHAsO, 5 - - $Ы, - v i 
CuS S - і ӛлі, А! m - 
CuSCN v - - Srl, - Ау - 
CuSO, і - - Sr(NQy)2 М = = 
Fel, - m - TINO, v m S 
Ее (50.), Ai — - го СНО,» 5 - - 
Hg(CN), v v - Ur0:(NOs): - - і 
НЕЇ; У У m ZnS і - - 
Hg(SCN); 5 - 5 


LEGEND: v= very soluble; m = moderately soluble; s = slightly soluble; 
i — insoluble; A — formation of an aminate; R — marked reaction 


a) Bromine reacts with dimethylamine with the evolution of heat to form a very soluble crystal- 
line compound. With methylamine, the reaction is much more violent and a black residue 15 
formed in addition to a soluble crystalline product. 

b) lodine is extremely soluble in mono- and dimethylamine, but not in trimethylamine. On 
standing, the deep color of the solution fades in color, Iodine is only slightly soluble in 
trimethylamine but, after some weeks, colorless crystals separate from this solution. 

c) Yellow phosphorus is soluble in monomethylamine, forming almost colorless solutions, but 
on standing the red form, which is only slightly soluble, separates. 

d) Pbl: turns white on contact with the amines. By heating the tubes very gently, the original 
yellow color returns, indicating that the amine of crystallization has been removed. On 
cooling, the PbI. again turas white. 

e) A solution of UrO.( C.H:O.). gelatinizes on standing for some days. 


solubility of methylamines in organic liquids 


Volumes of gas per 1 cc of liquid Pressure — 1 atmosphere; temperature — 20°C 


SOLVENT 


Aniline 
Anisole 
Benzyl aicohoi 


i-Butanol 
n-Butanol 
Cedrene 


e-Chloronaphthalene 
Cymene 
Decahydronaphthalene 


Diacetone alcohol 
Dibenzylether 
e-Dichlorobenzene 


Diethanolamine 
Diethylaniline 
Diethylene glycol mono-ethyl ether 


Dimethylaniline 
Dimethylcyclohexylamine 
Dimethylformamide 


Ethanol 
Ethylene glycol 
Furfuryl alcohol 


Methanol 
Methylcyclohexanol 
Monoethanolamine 


Monoethylaniline 
Monomethylaniline 
Могрћо пе 


Nitrobenzene 
o-Nitrotoluene 
Pinene 


п-Ргорапо! 
Quinoline 
Tetrahydronaphthalene 


o-Toluidine 
Triethylene glycol 
Trimethylene glycol 


Gens) 


271 cc 
89 
314 


_ 298 


303 
34 


52 
48 
24 


420 
115 
64 


313 
60 
336 


64 
67 
132 


440 
630 
413 


654 
219 
216 


113 
197 
255 


86 
34 


339 
92 


88 
316 
480 


520 сс 
252 
528 


598 
504 
106 


174 
182 
116 


457 
154 
252 


497 
180 
588 


230 
187 
298 


727 
860 
679 


992 
439 
379 


324 
406 
580 


226 
221 
156 


600 
214 
170 


430 
488 
722 


<> 


300 сс 
185 
322 


405 
379 
86 


130 
177 
156 


345 
120 
240 


74 
134 
216 


149 
187 
78 


600 
369 
410 
673 


256 
48 


228 
223 
138 


154 
149 
176 


439 
255 
151 


242 
164 
307 


saunuy 
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Table 14.7: Monoethylamine (2) 


C2H5 NH, 


Monoethylamine is a water-white liquid which is commercially available as a 70% aqueous 
solution. It is soluble in ethyl alcohol, methyl alcohol, the paraffin hydrocarbons, aromatic 
and aliphatic hydrocarbons, ethyl ether, ethyl acetate, acetone, fixed oils, mineral oil, 
oleic and stearic acids. Ít is also soluble in hot paraffin and carnauba waxes, which salidify 


when cooled. 


Table 14.8: Diethylamine (2) 


Typical Properties and Specifications 
{Anhydrous grade) 


Distillation range 
Flash point (open cup) 
Purity 
Specific gravity at 15/15°C 
Weight per gallon 

(70% Solution) 
Boiling point 
Color 
Critical temperature 
Dissociation constant at 25°C. 
Heat of combustion 


Heat of vaporization at 15°C 
Heat of solution in water at 19°C 


Melting point 

Purity 

Specific gravity at 20°/20°C 
Weight per gallon (20°C) 


(C; H5); NH 


15-18*C 
Below 20°F 
97-99% 
0.689 

5.70 Iba 


16.6°С 

Water-white 

183 .2°С 

5.6 х 10-* 

Gas 9157 cal./g. 

Liquid 9058 cal./g. 

14.57 cal./g. 

6330 cal. per mol of solute 
at infinite dilution 


-80.6%С 
At least 70% 
0.79-0.80 
6.63 Ibe. 


Diethylamine is a water-white liquid with an ammoniacal odor. It is soluble in water, 
ethyl alcohol, paraffin hydrocarbons, aromatic and aliphatic hydrocarbons, ethy! ether, 
ethyl acetate, acetone, fixed oils, mineral oil, oleic and stearic acids. It dissolves hot 
paraffin and carnauba waxes, which solidify when cooled. It is used as a selective sol- 
vent for the removal of impurities from oils, fats, ond waxes where its property of hydrating 
in aqueous solution is utilized; also used in the manufacture of rubber chemicals, textile 
emulsions, dyes, flotation agents, resins, polymerization inhibitors, gum inhibitors, drugs, 


and insecticides. 


Typical Properties and Spectfications 


Boiling point 
Critical density 
Critical pressure 
Critical temperature 
Dissociation constant 
Flash point (open cup) 
Heat of combustion 
Gas 
Liquid 
Heat of Vaporization at 58°C 
Heat of solution in water at 
room temperature 
Melting point 
Specific gravity at 20/20°C 
20/4°C 
Specific heat of liquid at 22.5°C 
Refractive Index at 17.6°C 
Viscosity at 25°C 
Weight per gallon (20°C) 
Distillation range 
Initial boiling point 
Final boiling point 
Purity 
Water insoluble 


56.0%С 
0.246 g./cc. 
36.2 atm 
223.5°С 
1.26 x 10-8 
Below 0°F 


9995 cal./g. 

9882 cal./g. 

91.03 cal./g. 

8220 cal./mol of solute at 
infinite dilution 

-50.0%С 

0.71 

0.711 

0.516 cal./g. 

1.3873 

C.346 centipoise 

5.89 158. 


Not below 53°C 
Not above 59.5° 
At least 98% 
None 
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Table 14.9: Triethylamine (2) 


(CoHs)3N 


Triethylamine is a colorless liquid, freely soluble in water at temperatures below 18°C., 
soluble in ethyl alcohol, methyl olcohol, ethy! ether, ethyl acetate, aliphatic and аго- 
matic hydrocarbons, acetone, fixed oils, mineral oil, oleic and stearic acids, and in hot 
carnauba and paraffin waxes, the latter two solidifying when cooled. It is used in the 
manufacture of corrosion inhibitors, emulsifying agents, dyestuffs, and insecticides. 


Typical Properties and Specifications 


Boiling point 89.5°С 
Critical solution temperature (in water) 18°C 
Dissociation constant 6.4 x 10-4 
Flash point (open cup) 20°F 

Heat of combustion 10,248 cal./g. 


Heat of solution in water 


10,040 cal./mol of solute at 
infinite dilution 


Melting point —114.8*C 
Specific gravity at 20/20°C 0.730 
Refractive index at 20°C 1.4003 
Weight per gallon (20°C) 6.1 Iba. 


Color 
Distillation range 
Initial boiling point 
Final boiling point 
Purity 
Water insoluble (20-30*C) 


Table 14.10: n-Propylamine (2) 


| -Aminopropane 


Water-white 


Not below 85°C 
Not above 91°C 
98.5%, min. 
None 


CH3CH2CH2NH5 


n-Propylamine is a colorless liquid soluble in water, methy! and ethyl alcohols, ethy! 
ether, ethyl acetcte, acetone, aromatic, aliphatic and paraffin hydracarbons, fixed 
oils, mineral oil, oleic and stearic acids, and hot carnauba and paraffin waxes, the 


latter two solidifying when caaled. 


Boiling point (760 mm) 49-50°C 

Diatillation range 46-51°С 

Flash point Below 20°F 

Melting point — 83°C 

Purity 95-99% (min.) 

Refractive index at 20°C 1.8910 

Specific Gravity at 20°C 0.718 

Weight per gallon (at 20°C) 5.99 Ibs. 
Table 14.11: Di-n-Propylamine (2) 

(С,Н.СН,) МН 


Di-n-propylamine 15 а colorless liquid, soluble in ethyl alcohol, methyl alcahol, ethyl 
ether, ethyl acetate, acetone, paraffin hydrocorbons, aliphatic and aromctic hydro- 
carbons, fixed oils, mineral oil, oleic and stearic acids. It dissolves hot paraffin and 
carnauba waxes which solidify when cooled. Itis partly soluble in water. 


Boiling point 110-1°C 
Flash point 45°F 
Melting point —39.6°С 
Purity 97% min 
Specific gravity at 20°C 0.74 
Refractive index at 20°C 1.4063 
Weight per gallon at 20°C 6.18 lbs 
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Table 14.12: Mutual Solubility of Di-n-Propylamine and Water at Various Temperatures (2) 








WEIGHT % AMINE WEIGET % AMINE 





сам ба ба кан | 
> O O m ~ 00 + = 
O0 CO O to -1 €^ с ко сл 


* Upon cooling to —5.0* the first blue opalescence was noted at —4.9°, 


Table 14.13: Solubility Curve at 25° for the System Di-n-Propylamine-Water-Ethanol! (29) 


Ethanol 





Table 14.14: Isopropylamine (2) 
2-А ті поргорапе CH4CH(NH5)CH4 


This water-white, primary aliphatic amine is available commercially in an anhydrous 
form. It is soluble in water, methyl and ethyl alcohols, ethyl ether, ethyl acetate, 
aromatic and aliphatic hydrocarbons, acetone, mineral oil, fixed oils, oleic and 
stearic acids. lt is soluble in hot paraffin and carnauba waxes, which solidify on 
cooling. It is potentially useful as an intermediate in such manufactured products as 
dyestuffs, surface-active agents, textile specialties, pharmaceuticals, bactericides, 
insecticides, and cleaning compaunds. It is also used as a dehairing agent in the 
leather industry. 


Boiling point 31.9°C 
Flash point «20?F 
Melting point —101.2*C 
Specific gravity at 25/4°C 0.686 
Vapor pressure at 15°C 385 mm 
pH of 0.1 N aqueous solution 11.57 
Boiling range 31-35^C 


Color Water-wbite 


Table 14.15: Di-Isopropylamine (2) 


Table 14.16: 


Table 14.17 
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[(CH3)2CH]2NH 


Di-isopropylamine is a water-white liquid with an amine odor. It is soluble in methyl 
alcohol, ethyl ether, ethyl acetate, acetone, aromatic and aliphatic hydrocarbons, 
mineral oil, fixed oils, oleic and stearic acids, and only partly soluble in water. 1+ 
dissolves hot paraffin and carnauba waxes which solidify on cooling. 


Boiling range 
Flash point 
Specific gravity at 20/20°C 


n-Butylamine (2) 


1-Aminobutane 


81-85°С 
20°F 
0.726 


CH3CH2CH5 CH» NH» 


n-Butylamine is a colorless liquid with an ammoniacal odor. It is miscible with water, 
ethyl alcohol, ethyl ether, paraffin hydrocarbons, and many organic solvents, and dis- 
solves a wide range of materials. The butylamine salts and soaps are usually soluble in 
hydrocarbons. It behaves in many ways like monoamylamine, but will nat produce a 
constant-boiling mixture with water. This compaund is used in the manufacture of 
specialty soaps, emulsifying agents, desizing agents for textiles, rubber chemicals, 
flotation agents, corrasion inhibitors, dyestuffs, insecticides, and pharmaceuticals. 


Boiling point (760 mm) 

Flash point 

Heat of combustion 

Melting point 

Specific gravity at 20/20°C 
Solubility in water 

Solubility of water in solvent 


Refractive index at 20°C 
Viscosity at 25°C 
Vapor preasure at 20°C 
Weight per gallon at 20°C 
Acid insoluble 
Distillation range 
Initial boiling point 
Not less than 95% 
Final boiling point 
Purity 


: n-Dibutylamine (2) 


(C Hg) NH 


77.8*C 

45*C 

710 kg. cal. per mol 
—50.5°С 

0.7385 

Complete 
Complete 


1.4044 

0.68 centipoise 
0.01 mm 

6.15 Ibs. 

1.0% max. 


Not below 73.0°C 
Below 82.0°C 
Not above 86.0°C 
94% min. 


n-Dibutylamine is a water-white liquid with an ammoniacal odor. It is miscible with 
a large number and variety of organic solvents but its solubility in water is limited. 

It is soluble in ethyl and methy! alcohols, ethyl ether, ethyl acetate, acetone, ali- 
phatic, and aromatic hydrocarbons, fixed oils, mineral oil, aleic and stearic acids. 
While it dissolves hat paraffin and camauba waxes, these solidify an cooling. It is 
used in organic synthesis where its derivatives are used as flotatian reagents, dyestuffs, 
rubber vulcanization accelerators and corrosion inhibitors. 


Boiling point 
Flash point (open cup) 
Specific gravity at 20/20°C 
20/4°C 
Refractive index at 20°C 
Vapor pressure at 20°C 
Weight per gallon at 20°C 
Acid insoluble 
Distillation range 
Initial boiling point 
Not less than 95% 
Final boiling point 
Purity 


161°C 
135°F 
0.76 

0.767 
1.4186 

2.5 mm 
6.33 lbs. 
0.6% max. 


Not below 153°C 
Below 163°C 
Not above 172°C 
98% min. 
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Table 14.18: n-Tributylamine (2) 
(C4Hg)gN 


n-Tributylamine is a water-white to light yellow liquid with an ammoniaca! odor. It is 
soluble in ethyl alcohol, methyl alcohol, aliphatic and aromatic hydrocarbons, ethyl 
acetate, acetone, fixed oils, mineral oil, oleic and stearic acids, hot carnauba and 
paraffin waxes, the latter two solidifying when cooled, and most organic solvents. It 
is almost insoluble in water. Its sulfuric acid salts are water-soluble. It is used in the 
manufacture of corrosion inhibitors, emulsifying agents, dyestuffs, and insecticides. 


Boiling point 214°C 
Coefficient of expansion per °C 0.00105 
Flash point (open cup) 187°F 
Melting point —70°С 
Specific gravity at 20/20°C 0.78 
20/4°C 0.778 
60/15°C 0.755 


Refractive index at 20°C 
Surface tension at 20°C 
Viscosity at 25°C 

at 60°C 
Weight per gallon at 20°C 
Acid insoluble 
Distillation range 

Initial boiling point 


1.431 

24.9 dynes/cm. 
1.35 centipoise 
0.73 centipoise 
6.5 lba. 

0.259, max. 


Not below 203°C 


Not less than 95% Below 216°C 
Final boiling point Not above 219*C 
Purity 99% min. 
Table 14.19: Isobutylamine (2) 
(сна СНС МН, 


lsobutylamine is a colorless liquid soluble in water, methyl and ethyl alcohols, ethy! 
ether, ethyl acetate, acetone, aromatic and aliphatic hydrocarbons, fixed oils, mineral 
oil, oleic and stearic acids, and hot paraffin and carnauba waxes, the latter two solidi- 
fying when cooled. 


Boiling point 68-9°C 
Flash point Below 20°F 
Melting point — 85°C 
Specific gravity at 20°C 0.731 
Refractive index at 20°C 1.3985 
Weight per gallon at 20°C 6.10 lbs. 
Distillation range 66-69°C 
Purity 99% min. 


Table 14.20: Diisobutylamine (2) 
(C4Hoh NH 


Diisobutylamine is a colorless liquid soluble in ethyl alcohol, methyl alcohol, aromatic 
and aliphatic hydrocarbons, ethyl ether, ethyl acetate, acetone, fixed oils, mineral oil 
oleic and stearic acids. lt is insoluble in water and while it dissolves hot paraffin and 
carnauba waxes, these solidify on cooling. 


Flash point 85“Е 
Melting point —70°C 
Specific gravity at 20°C 0.75 
Refractive index at 20°C 1.4124 
Weight per gallon at 20°C 6.22 lbs. 
Distillation range 136-140“С 


Purity 


97% min. 


Table 14.21: 
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sec-Butylamine (2) 
СНаСНМН, С, Н5 


sec -Butylamine is a water-white liquid with o characteristic amine odor. It is soluble in 
water, methyl and ethy! alcohols, ethyl ether, ethyl acetate, acetone, aromatic and ali- 
phatic hydrocarbons, mineral oil, fixed oils, stearic and oleic acids. It dissolves hot 
paraffin and carnauba waxes but these solidify on cooling. 


Boiling point (772 mm) 66°C 
Flash point 20°F 
Melting point ~ 104°C 
Specific gravity at 20/20°C 0.725 
Boiling range 62-69°C 


Table 14.22: Mono-n-Butyl Diamylamine (2) 


Table 14.23 


C4HgN(C5H) 1) 


This amine is a light straw colored liquid with an amine odor. It is soluble in acetone, 
ethyl ether, ethy! acetate, aromatic and aliphatic hydrocarbons, fixed oils, mineral oil, 
and oleic and stearic acids. It is insoluble in water, methyl alcohol, and although soluble 
in hot paraffin and carnauba waxes, these solidify on cooling. 


Flash point 200°F 
Specific gravity at 20/20°C 0.788 
Weight per gallon at 20°C 6.56 158. 
Boiling range 229-241°С 
: n-Amylamine (2) 
CH3(CH>)4NHp 


n-Amylamine is a colorless liquid with an ammoniacal odor. Commercially it is a mixture 
of the following isomers, although a pure product is available. 


B.P.'C. 
tert-Amylamine 
sec-Isoamylamine 
2-Aminopentane 
3-Aminopentane 
Active amylamine 
sec-Amylamine 
n-Amylamine 


== ЕБЕҶВ 


€ 


It is miscible with water, ethyl and methyl alcohols, ethyl ether, ethyl acetate, acetone, 
aromatic and aliphatic hydrocarbons, fixed oils, mineral oil, pyridine, oleic and hot stearic 
acids, hot paraffin and hot carnauba waxes, the latter two solidifying when cooled. It dis- 
solves a varied range of materials which are usually dissolved with difficulty by other organic 
solvents. It is used as a corrosion inhibitor and as a base for emulsifiers which are soluble in 
vegetable and mineral oils. It is also employed in textile lubrication, and as a raw material 
in the manufacture of dyestuffs, emulsifying agents, antioxidants, desizing agents for textiles 
and pharmaceuticals. 


Boiling point 102-104°C Viscosity at 20°C 0.01018 poise 
Coefficient of expansion at 20-60°C 0.00216 Vapor pressure at 26°C 35 mm 
Constant-boiling mixture Weight per gallon at 20°C 6.41 lbs. 
n-Amylamine 79-82 .5% 82-85°С В.Р. Color Water-white 
Water 21-17 .5% Diatillation range 
Flash point (open cup) 65°F Initial boiling point Not below 84°C 
Heat of vaporization 108 cal./g. Not less than 95% Below 100°C 
Melting point —55°С Final boiling point Not above 110°C 
Specific gravity at 20/20°C 0.76-0.78 Purity 90% min. 
Specific heat at 60°F 0.65 cal./g. Water dilution 20:1 min. 
Refractive index at 19°C 1.4068 


Surface tension at 13°C 24.4 dynes/cm. 
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Table 14.24: sec-Amylamine (2) 


CH3CH(NH2)C3H7 


sec-Amylamine is a colorless liquid with an amine odor. It is soluble in water, methyl and 
ethyl alcohols, aromatic and aliphatic hydrocarbons, ethyl ether, ethyl acetate, acetone, 
fixed oils, oleic and stearic acids. It dissolves hot paraffin and carnauba waxes which 


solidify when cooled. 


Boiling point (760 mm) 91-92°С 
Flash point 20°F 
Specific gravity at 20°C 0.739 
Refractive index at 20°C 1.4047 
Weight per gallon at 20°C 6.15 Ња. 
Distillation range 89-92*C 
Purity 95-99% min. 


Table 14.25: Diamylamine (Mixed Isomers) (2) 


(СЕН) МН 


Diamylamine is a colorless to straw-colored liquid with an ammoniacal odor, which is com- 
posed of a mixture of amy! isomers. It is soluble in ethyl alcohol, methyl alcohol, ethy! 
ethers, ethyl acetate, acetone, aromatic and aliphatic hydrocarbons, fixed oils, mineral 
oil, oleic and stearic acids. It is insoluble in water and while soluble in hot paraffin and 
carnauba waxes, these solidify on cooling. It is a solvent for oils, resins, and some cellu- 
lose esters. Introduction of the amyl group imparts oil solubility to otherwise oi!-insoluble 
substances. It is used as a corrosion inhibitor, and in chemical synthesis. 


Coefficient of expansion at 20-60°C 0.00102 
Flash point (open cup) 158°F 

Heat of vaporization 83 cal./g. 
Specific gravity at 20/20°C 0.77-0.78 
Specific heat at 60°F 0.54 cal./g. 
Refractive index at 20°C 1.4259 
Surface tension at 13°C 24.4 дупев/ст. 
Vapor pressure at 26°C 9mm 
Viscosity at 20°C 0.01264 poise 
Weight per gallon at 20°C 6.45 ibs. 
Acid insoluble 0.5% min. 


Distillation range 
Initial boiling point 


Not below 175°C 


Not less than 9597, Below 202°C 
Final boiling point Not above 218*C 
Purity 99% min. 
Sulfur 0.06% min. 


Table 14.26: Triamylamine (Mixed Isomers) (2) 


(СБН))8М 


Triamylamine is a water-white to light yellow, stable liquid which is strongly basic in re- 
action. It is soluble in ethyl alcohol, ethyl ether, ethyl acetate, acetone, aromatic and 
aliphatic hydrocarbons, fixed oils, mineral oi!, oleic and stearic acids, and in hot paraffin 
and carnauba waxes, the latter two solidifying when cooled. It is insoluble in water and 
methy! alcohol. It is an excellent corrosion inhibitor of steel in a 0.13% solution in normal 
sulfuric acid. It is used in the manufacture of emulsifying agents, dyestuffs, and insecticides. 


Coefficient of expansion 0.00091 
Flash point (open cup) 215°F 

Heat of vaporization 79 cal./g. 
Specific gravity at 20/20°C 0.79-0.80 
Specific heat at 60°F 0.51 cal./g. 
Refractive index at 18°C 1.4374 
Surface tension at 13°C 24.4 dynes/cm. 
Viscosity at 20°C 0.02421 poise 
‘Vapor pressure at 26°C 7 mm 
Weight per gallon at 20°C 6.60 lbs. 
Acid insolubles 1.095 max. 


Distillation range 
Initial boiling point 


Not below 234*C 


Not less than 50% Above 244°C 

Not less than 9507 Below 256°C 

Final boiling point Not above 260°C 
Purity 99% min. 
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Table 14.27: sec-Hexylamine (2) 


sec-Hexylamine is a colorless liquid with an amine odor and soluble in water, ethyl 
alcohol, and paraffin hydrocarbons. 


Flash point 55°F 
Specific gravity at 20°C 0.746 
Weight per gallon 6.22 1Ьв. 
Distillation range 107-110°C 
Purity 95-99% 


Table 14.28: 2-Ethylbutylamine (2) 


Hexylamine (C2H5)9 CHCH2 NH? 
2-Ethylbutylamine is a water-white liquid with an amine odor. It is soluble in methyl 
and ethyl alcohols, ethyl ether, ethyl acetate, acetone, aromatic and aliphatic hydro- 
carbons, fixed oils, mineral oil, oleic and stearic acids. It dissolves in water and while 
soluble in hot paraffin and carnauba waxes, these solidify on cooling. 


Flash point 70°F 
Specific gravity at 20/20°C 0.776 
Boiling range 121-125“ 
Table 14.29: n-Heptylamine (2) 
C7H15 NH? 


n-Heptylamine is a water-white liquid with an amine odor. It is insoluble in water but 
soluble in ethyl and methyl alcohols, ethyl ether, ethyl acetate, acetone, aromatic and 
aliphatic hydrocarbons, fixed oils, mineral oil, oleic and stearic acids. It dissolves hot 
paraffin and carnauba waxes, which solidify when cooled. 


Flash point 130°C 
Melting point —23°С 
Specific gravity at 20/20“С 0.779 
Boiling range 150-160"С 
Table 14.30: 2-Ethyihexylamine (2) 
Octylamine C4HgCH(CoHs)CHs мн» 


Octylamine is a water-white liquid with an amine odor. It is insoluble in water but 
soluble in methy! alcohol, ethyl ether, ethyl acetate, acetone, aromatic and aliphatic 
hydrocarbons, fixed oils, mineral oil, oleic and stearic acids. It dissolves hot paraffin 


and carnauba waxes, which solidify on cooling. 


Flash point 185°Е 
Specific gravity at 20/20°C 0.792 
Boiling range 165-169°C 


Table 14.31: Di-2-Ethylhexylamine (2) 


Dioctylamine 


[C4Ho9CH(Co На) СН! NH 


Dioctylamine is a colorless liquid with a faintly amine odor. It is soluble in methyl alcohol, 
ethyl ether, ethyl acetate, acetone, aromatic and aliphatic hydrocarbons, fixed oils, min- 
eral oil, oleic and stearic acids. lt is insoluble in water and while soluble in hot paraffin 
and carnauba waxes, these solidify when cooled. Among the large number of substances it 


will dissolve are natural and synthetic resins. 


Boiling point (760 mm) 281.1°С Solubility of water in solvent at 20°C 0.17% by wt. 
Flash point 270°C Vapor pressure at 20°C 0.01 mm 
Specific gravity at 20/20°C 0.8062 Weight per gallon at 20°C 6.71 Ibe. 


Solubility in water at 20°C 0.02% by wt. 


Boiling range 269-280°С 
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Table 14.32: Cyclohexylamine (2) 
NH2 


Cyclohexylamine is a colorless, caustic liquid with a fishy, amine odor. It has been known 
since 1893, but not until 1936 was it made in commercial quantities in the United States. 

It is produced by the catalytic hydrogenation of aniline. It is a strong base, even stronger 
than ammonia or the ethanol~amines. It is miscible with water and most of the common or- 
ganic solvents, among which are the alcohols, ethers, ketones, esters, aliphatic and aromatic 
hydrocarbons, both pure and chlorinated. It is used as a solvent and as a corrosion inhibitor. 
Either alone or as a soap, it is employed as a wetting-out, cleansing, washing, emulsifying 
or dispersing agent in the textile industry. lt may be used to absorb acidic gases, as a pre- 
servative for dyes, as an insecticide, and in the printing and dyeing of textile products. 


Typical Properties and Spectfications 


Boiling point (760 mm) 134.5°C 
Freezing point —17.7°С 
Fire point 30°C 
Flash point Below 0°C 
Specific gravity at 25/25°C 0.8647 
Refractive index at 25°C 1.4565 
Weight per galion at 20°C 7.206 Ibs. 
Azeotropic mixture 
Cyclohexylamine 44.2% by wt. B.P. (760 mm) 96.4°C 
Water 55.8% by wt. 
Distillation range 132.0-137.5°С 


Table 14.33: Dicyclohexylamine (2) 


Dicyclohexylamine is a clear, colorless and strongly basic liquid with a faint odor. It 
is miscible with most organic solvents but only slightly soluble in water. Unlike cyclo- 
hexylamine, it does not form an azeotropic mixture with water. It is more toxic than 
cyclohexylamine when absorbed through the skin and when large amounts are absorbed, 
death may result. 


Dicyclohexylamine soaps are good emulsifying agents. This solvent may be used to аБ- 


sorb acidic gases, to preserve rubber latex, to plasticize casein, to neutralize plant and 
insect poisons, and as a solvent for dyes in the textile printing and dyeing industry. 


Typical Properties and Specifications 


Boiling point (760 mm) 255.8*C 
Freezing point —0.1?C 

lire point 160°C 

Fiash point 100*C 
Specific gravity at 25/25°C 0.9104 
Refractive index at 25°C 1.4823 
Weight per gallon at 20°C 7.59 Ibs. 
Boiling range 252.0-258.0°C 


Purity 98%, min. 
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Table 14.34: ALIQUAT Fatty Quaternary Ammonium Chloride (58) 
Product Aliquat 336* 
Description Methyl tricaprylyl ammonium chloride 
Percent solids 8896 minimum 
* Aliquat is a registered trademark of Henkel Corp. 
Table 14.35: KEMAMINE Fatty Quaternary Ammonium Chlorides (26) 
| | % Сојог 
| % % | Amine | Gardner, 
Description | Active Amine HCI 1963 
Product _ | em adopted name) | Min Max Max Max 
Kemamine Q-2802C* Dimethyl Di-Behenyl | 75 2 2 4 
| (Dibehenyl Dimonium Chloride) 
——^(A—X—ÓA€——A—Ó——————MÁ'GQRPQ жесеесефі.. жога rapti cata Мадара С міт nina ll МАКА aa ACAD na Ans Re фа mue 
Kemamine Q-9702C | — DimethylDi- -Hydrogenated Tallow | 1 75 1.5 0.5 | 2 
| (Quaternium-18) 
^. Kemamine Q-9743CHGW | Trimethyl Monoalkyl | 65 1.5 0.5 4 
| (Tallow Trimonium Chloride) | 
Е (АЙКАНЫ ы Л ысы сс T л за РА па 
Кетатіпе Q-9743C ; Trimethyl Monoalkyl | 65 | 1.5 0.5 4 
(Tallow Trimonium Chloride) 
Kemamine BQ-9742C | Dimethyl Tallow Benzy! 0.5 6 





(Tallow Alkonium Chloride) 








*Semicommercial. 





Average 
molecular 


pH of 5% % 
solution Ash 


Saturated 





Product 
Kemamine Q-2802C* 


;  KemamineQ-9702C — 







Kemamine Q-9743CHGW 


| Kemamine Q-9743C 335-355 
1 А 
| Kemamine BQ-9742C 420 | 


і 





*Semicommercial. 


Мах | Cu | Cw | Cw | Са | Cz | Са 


a ai 





| Typical carbon chain composition 


nsaturated 





Cia | Сл 
фр 
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Table 14.36: High Molecular Weight Aliphatic Amines (59) 







































































































ala ale led ele a | a | | a | | a = e % 
с е |а| [2 | Е | | [еъ во јао о Я N a a а a 
N-alkyt Carbon е 5 : 5 $ $ $ $ $ 5 5 $ $ t $ % ; $ i $ i і 
| Chain | 8 |8|8|8|2|8|8|8|8|5|51|8618|818|к131|8151515|5 
Chain Length | с | ча а | а | а | е | | | с|а ја|а |а 
— ДЪ rM — —— MÀ — ——À]——À-. 1 — MM њи | ————— —— |—— |——— | аа. | ——— 
Hexyl 6 311-1 | — | реа ре ее еј (а Бри | 
Octyl 8 | 90] 4!—|— —|-| ||| -|-|—|—|—| 3) 8! 8|—| Б 
Decyl 10 7|901:2| 2/1--1--|-|-|-|-ізЗзі-|-і-1 8) 9| 91-19 
Подесу! 121 —–! 6| 95| 95| 4 —– | —– | – | | | – | – | 47| 47 47| — | 47 
Tetradecyl 14 | --|--1 ЗЕ 41 92ј| -| 21 21-|-ј 21 2/|- | - 18 181 18| — | 18 
Нехадесу! 16 --|--(|--!--| 4|(|92| 24124! 6)| 6 24 24 20 20 8 8 824 8 
Octadecyl 18 --|--|--і|--|-- | 7| 71| 71}; 90| 90| 28 | 2817117 5 5101751 5 
Octadecenyl 18 —i—i—i—i—|, 1 313 4| 4146 46 26 261 5! 5-4 11 5 
Octadecadieny] 18 —|-|- | |— | --|--|--|--|--|--1--|37.37,--|--1--|-- |! — 
Mol. combining weight 1 135 |166 |213 1195 |227 |250 |300 (275 |300 |280 |298 |274 |297 |275 |223 |208 |450 |530 |321 
Percent Primary Amine | 90| — ! 82! 94| 92! 95! 85] 95 | 85 | 95 | 85 | 95! 86 | 95 | 85! 95| — | — | 40 
Percent Secondary Amine | | | ооо о м | || — | — | 85| 85! — 
Арргох. Меша Pt. °С 5 13! 8| 24| 24| 29| 38| 57| 55, 55| 55 46 41| 31| 22| 24, 21|! 46| 68| 22 
oo AC | 3; 3| 9, 3 "| 3/11} 3) 11) 3! 11 “| 19| 711113 9: $5 19 
rade: | 
D—Distilled гр рт|рр р түр T | IEEE e то x D ва 
Т--Тесіпіса! | | | | | | | | ! | 
Е у Dimethy! a Amine ee Т» Dialky! Tertlary 4 = — 
| : a | | a ~ а | | 
о 3 | о e : | о л | 4 2 T | к vu l a 
= З от > MP > 2 бі 
a 2 | А А а | а а. р а а а 2 з | З 
с с я а 8 | я п | п | эп я | я g | а 
N-alkyl Carbon | $ і | 5 $ : і : і 3 і і 5 $ 
| ша, | 2 | 8 | 5 | Б ЕРЕ || | 2|85 |) 83 |: 
Chain Length < < | «€ 414 < < < < < | «| « « 
——— — —M ———À — ——— —Ó— | —Ó—Ó — — | --------- — —Ó— | M A | | о | | <<< о —; —— | — 
Неху! 6 | -- ју = — - -- ес жм Fee ыш — | -- — 
Octyl 8 -- — i — — 8 8 — ; — | — | — | — 8 — 
Песу! 10. е. ұлы me ps з| 9|— |— | |- | -|- | 91 - 
Dodecyl 12 -- -- | -- — 47 47 — | — — — -- 47 — 
Tetradecyl 14 - — — — 18 18 | — — 2 2 2 18 — 
Hexadecyl 16 92 92 6 6 8 8 20 20 24 24 24 8 20 
Octadecyl 18 , 7 | 7 90 90 5 5 17 17 71 71 71 5 17 
Octadecenyl 18! 1 1 4 4 5 5 26 26 3 3 3 5 26 
Octadecadienyl 18 | - | - 4 - |— | — | — 37 | 37! — | — | — | — 37 
Mol. weight—theoretical 271 | 271 | 295 | 295 | 224 | 224 | 289 | 289 | 289 | 289 | 522 | 389 | 520 
Mol. combining weight | 338 | 295 | 369 ( 321 | 280 | 244 | 361 | 314 | 361 | 314 | 564 | 436 | 594 
Percent Tertiary Amine 80 92 80 92 80 92 80 92 8 92 - — — 
Approx. Melting Pt. °C 1S 10 23 20 | -10 | -15 0, -8 17 15 28 -5 9 
Color—Gardner— 1933 5 1 5 1 5 1 10 1 5 1 -- -- -- 
D—Distilled | T D T T | D | T D T D T T | T 
T—Technical ! 


Table 14.37: Solubilities of Pure Dodecyl- and Octadecyl-Trimethylammonium Chlorides in Grams рег 100 
Grams of Solvent (59) 


ме Ека Е 




















Salt —Solvent —10*| 0* | 10° | 20° | 30" | 40? | 45? | 50? | 55? | 56,5? | 60° | 65° | 70? | 72? | 80“ | 84? | 86? 
Methanol 83.11113.8|145.8|180 |226.6 | — -- — |— - — | — |] — | - | |— | о 
Acetone — | — 2.88} 9.76] — | 41.75191.9 (110.6 | — | — | — | ||| 
Dodecyl 4 Acetonitrile — p 8! 10.9] 18.2) 32.8 | 81.2 | — — — — —i—|[-—l—|—-|—|— 
Carbon 
tetrachloride | — | — | — | — 1.21| 34.22 | 102 | де! | -~ — = | | | |- |— |— 
Insoluble in ethyl acetate, benzene, п-Бекапе ог сусіобекапе at 95°. 
Methanol 5.7 | 18.4) 32.5) 71.6112.8 168 — 1252 — ~~ -|- 1 - | | |- І-- 
Ethanol(93.5%)3.7 | 9.3 25.6| 43.1| 82.9 |132 -- 210 — -- — | | |— | |— |— 
Acetone — | | — | — -- — — 0.50] 071] 076 — | — | — | — | | | — 
Acetonitrile — | — |— 0.7) 18| 32| — 5.1 | — — |99 | — |32,7| — 178.6 — | — 
Octadecyl; Carbon 
tetrachloride | — | — | — | — — — — — | — | 5.04136.2 | — | — |!— | — | — 
Chloroform [13.6 | 25 | 40.8) 56 | 73.5 100 — — — — — | — |— |— |— — 
Ethyl acetate | — | — | — | — — — — — — — — | — | — | — | — 41.22/5.04 
Benzene — |— |— | — — — — — [0.8 | — | 3,1 | 19 | 46 | —|—|—|— 


Insoluble in n-hexane or cyclohexane at 95°C. 
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Table 14.38: Solubilities of Organic Compounds in Aliphatic Amines at 25° + 5°C (1)(2) 


оо чо каша 


~ 


Abbrevia- 


а 
Numerals 


Acenaphthene 
Acetaldehyde 
Acetamide 
Acetantlide 
Acetic acid 


Acetoacetic ester 

Acetone 

Acetophenone 
p-Acetaphenylene diamine 
p-Acctotoluide 


Acetylene : 
Acetyiene tetrabromide 
Acetylsalicylic acid 
Agar-agar 

Alanine 


Aldol 

Alizarin 

Allyl alcohol 
1-Aminoanthraquinone 
f-Aminobenzoic acid 
m-Aminophenol 
o-Aminopheno] 
Aminosulfonic (sulfamic) acid 
Ammonium benzoate 
Ammonium citrate 


Amy! alcohol (iso) 

n-Amy! formate 

Anethole 
Anhydroformaldehydeaniline 
Aniline blue 


Anthracene 
Anthranilic acid 
Anthraquinone 
Atoxyl 
Azobenzene 


Azoxybenzene 
Beeswax 
Benzalacetophenone 
Benzaldehyde 
Benzamide 


Benzene 

Benzidine 

Benzil 

Benzoic acid 

Benzoic sulfinide (Saccharin) 


Benzoin | 
Benzophenone 
Benzyl acetate 
Benzyi aicohol 
Borneo! 


o- Bromoacetanilide 
-Bromoaniline 
romcamphor 

Bromocresgol green 

1-Вготопарћећајепе 


f$- Bromonitrobenzene 
o-Bromotoluene 

f$- Bromotoluene 
n-Buty! alcohol 
tert-Butyl alcohol 


»-But y! xyanide 
5»-Butyl ether 
n-Butyl formate 
n-Butyl stearate 
Caffeine 


Calcium acetate 
n-Calcium butyrate 
Calciuin formate 
d-Camphor 

Carbon disulfide 


Insoluble or extremely slightly soluble 


Stightly soluble 


Moderately soluble 


Very soluble 
More than vs 
Extremely soluble 
Miscible | 


n methylamine column only) 
Miscible in all proportions 


Not soluble to an appreciably greater extent in hot solvent 


More soluble in beated amine, crystallizes on cooling . | 
More soluble in heated amine (in some cases because of chemical reaction) 


eee into two liquid phases 
So 


ute reacts chemically with solvent. i | 
ар arent, All acidic substances react more or less rapidly wit 
( 


e letter r has been omitted in these cases) 


Swelis 


Numerala appearing in diethylamine column indicate number of grams of 
solute (or of its reaction product with diethyiamine) per 100 cc. of 


solution 
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Table 14.38 (continued) 


Casein | 
Cellulose 
Cellulose acetate 
Cellulose nitrate 
Cerulein 


Cetylaicohol | 
Chloroacetic acid (mono) 
?-Chiorodiphenyl 
Chloroform 

Cholesterol 


Chromotropic salt 
Cinchonine 
Cinnamic acid 
Coconut oil 

pa 


Crystal violet 
Cyclohexanol =. 
o- Dianisidine (bianisidine) 
Diazoaminobenzene 

ў- Dibromobenzene 


2.3- Dibromopropyl aicohol 
Dichloramine- 

p- Dichlorobenzene 
Dichlorogallein 
Dichlorohydrin 


23- Dihydroxyquinozaline 
Dimethyalminoazobenzene 
-Dimethylaminobenzaldehyde 
D imethylaniline . 
Dimethylethylcarbinol 


Dimethy!glyoxime 
2,6-Dimethylquinoline 
2,2-Dinaphthylamine 
2,4 Dinitroaniline 
m-Dinitrobenzene 


3,5- Dinitrobenzoic acid 
4,4'-Dinitrodiphenyl 

2,4 Dinitro-1-naphthol-7-aulfonic acid 
2,4 Dinitrophenol 

2,4 Dinitrotoluene 


Dipheny! 
Diphenylamine | 
Diphenyibenzamide 
Diphenylguanidine 
Diphenyl ketozime 


Dipheny! sulfone (pheny! sulfone) 
Diphenylurea (sym.) | 
4.4'-Dipyridy! (bipyridine) 
Di-£-tolylselenide 

Eosin 


Ethyl alcohol 

Ethyi carbonate 
Ethyl cyanoacetate 
Ethylene dibromide 
Ethy!ene glycol 


Ethyl! iodide 
Ethyl malonate 
Ethyl oxalate 
Ethyl sulfate 
Fluorene 


Fluorescein 
Galactose 
Gallein | 
Gallic acid 
Gelatin 


Glucose 

A-Glucose pentaacetate 
Glycerol 

Guaiacol 

Guanidine nitrate 


Gum arabic 

H acid 

Hemoglobin 
Hexaethylbenzene 2 
Hezamethylenetetramine 
Hippuric acid 

Hydrazine sulfate 
Hydroquinone е 
Hydroxylamine hydrochloride 
Indigotin 
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Table 14.38: (continued) 





Indole 
Isatin 
Isoquinoline 
Lactose 
Lanolin 


Linseed oil, raw 


Lysol 
Maleic acid 
Mahic acid 
Malonic acid 


Mannite 

d- Menthol 
Mercuric acetate 
Mercuric cyanide 
Mercury diphenyl 


Mercury di- -tolyi 

Methanol : 
meso-Methy! acridine 7-0 
Methylene aminoacetonitrile 
Methylene dianiline 


Methy! orange 
Mucic acid 
Naphthalene | 
Маршан acid 
1-Марйтно! 
2-Naphthol 
Naphthol yellow 
Night blue _ 
$-Nitroacetanilide 
m-Nitroaniline 


?-Nitroaniline red 
m-Nitrobenzaldehyde 
Nitrobenzene р 
m- Nitrobenzenesulfonamide 
o- Nitrobenzo'c aci 


?-Nitrobenzoic acid 
?-Nitrobromobenzene 

o- Nitrophenol 
$-Nitrophenol й 

p> Nitrophenythydrarine 


o- Nitrotoluene 
$-Nitrotoluene . 
3-Nitro-4-toluidine 
Nitrourea 
Oleic acid 
пө oy 

ra 
Ozalic acid.2HyO 
Ozanilide 
Palmitie acid 
Paraffin 
Paraffin oil 
и-Репјапе 
2-Pentene 
Penacetin 


Phenanthrene 
Phenol 
Phenolphthalein 
Phenytacetic acid 
meso-Pheny! acridine 


Phenylazo- 1-naphthylamine 
o-Phenylenediamine 
Phenylglucosazone 
Phenylhydrazine : 
Phenylmercuric bromide 


2- Phenylquinoline 
Phenyl- p-toiy! sulfone 
Pheny! urea 

Phthalic acid 4. 
Phthalic anhydride 
Phthalimide 

Pieric acid 

Potassium amide 
Potassium ethyl sulfate 
Potassium quinaldine 
Potassium triphenylmethyl 
Pyridine 


Pyrogaitol 
Pyrrole | 


inoline m 


шогал 
Rosaniline 


ethiodide 
inoline yellow (water soluble) 
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Table 14.39: Vapor Pressure of Various Amines (37) 
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Table 14.40: Vapor Pressure of Sharples Amines (37) 
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ALKYLENE DIAMINES 


Table 14.41: Ethylene Diamine (2) 
NH CHa CH) NH» 
Ethylenediamine is a water-white, hygroscopic liquid with a strong ammoniacal odor. The 
commercial product is a 78% solution af ethylenediamine by weight. It is used in the syn- 


thesis of organic rubber accelerators, insecticides, textile processing chemicals, emulsifiers 
, p 9 , 
plastics and pharmaceuticals. It is also used as a corrosian inhibitor. 


78% solution 


Boiling point (760 mm) 117.2°C 
Dielectric constant at 18°C 16.0 
Flash point (open cup) 110°F 
Heat of combustion 425.6 cal./mol 
Heat of solution at 15°C 7.6 cal./mol 
Ionization constant at 25°C 7.1 X 10-4 
Latent heat of evaporization 167 cal./g. 
Latent heat of fusion (0*C) 77 cal./g. 
Melting point 11.0*C 
Specific gravity at 20/20°C 0.8995 
Solubility in water at 20°C Complete 
Solubility of water in solvent at 20°C Complete 
Refractive index at 26°C 1.4540 
Vapor pressure at 20°C 10.7 mm 
Viscosity at 25°C 0.0154 poise 
Weight per gallon at 20°C 7.49 
Constant-boiling mixture 
Ethylenediamine 80% by wt. B.P.°C 
Water 20% by wt. 118.5 
Boiling range (760 mm) 115 to 122°C 
Color Water-white 
Purity 78% by wt. 


Table 14.42: Boiling Point Composition Curves for Aqueous Ethylenediamine Solutions (2) 















i На БЕН НИ ЕН 
- 120 
на 
зе А 
ее 
Е рај Е 
“БРТ ГЫЛ ГЕТ 
КаК 
У АЈА АЕК ee 
+ Ај јаја А 
ааа а ааа ац 
AER EEO рү ССО 


PER CENT ETHYLENEDIAMINE BY WEIGHT 


Table 14.43: Diethylenetriamine (2) 
NHoCHo5CHoNHCH»5CHoNH» 


Diethylenetriamine is a colorless liquid, completely miscible with water and many organic 
solvents. lt is a solvent for sulfur, acid gases, numerous natural resins and dyes. It is also 
used in organic synthesis and as a saponification agent for acidic materials. 


Boiling point (760 mm) 207 .1°C 
Flash point (open cup) 215°F 
Specific gravity at 20/20°C 0.9542 
Vapor pressure at 20°C 0.03 mm 


Weight per gallon at 20°C 7.94 Iba. 


Amines 707 


Table 14.44: Boiling Point Composition Curves for Aqueous Diethylenetriamine Solutions (2) 


BOILING TEMPERATURE "С. 





PER CENT DIETHYLENETRIAMINE BY WEIGHT 


Table 14.45: Tetraethylenepentamine (2) 
NHo(CHo2CHo2NH)5CH2CH2 NH» 


Tetraethylenepentamine is a viscous, hygroscopic and high-boiling liquid. It is miscible 
with water and many organic solvents, ond is a solvent for dyes, resins, sulfur, ond acid 
gases. It also forms soaps with fatty acids and it is employed in the synthesis of emulsifiers, 
plastics, and in rubber reclaiming. 


Boiling point (760 mm) 333°C 
Flash point 325°F 
Specific gravity at 20°C 0.998 
Vapor pressure at 20°C 0.01 mm 
Weight per gallon at 20°C 8.31 Ibs. 
Boiling range (760 mm) 320?-360*C 


Table 14.46: Propylenediamine (2) 
1,2-Diaminopropane СВ СН ма, СН, МН 


Propylenediamine is a water-white liquid with an ammoniacal odor. It is miscible with 

water and many organic salvents, among them being benzene and naphtha. It does not 
form a constant-boiling mixture with water. It is a solvent for such substances as cellu- 

lose nitrate, castor oil, shellac, pine oil, copal gum, rosin, and dyes. 


It behaves much like ethylenediamine but it is considered superior in solvent power. 
It is used in the manufacture of gasoline additives. 


Boiling point (760 mm) 119.7°C 
Flash point (open cup) 120°F 
Specific gravity at 20/20°C 0.8732 
Solubility in water at 20°C Complete 
Solubility of water in solvent at 20°C Complete 
Vapor pressure at 20°C 9.4 mm 
Weight per gallon at 20°C 7.27 lbs. 
Boiling range (760 mm) 112-122%С 


Purity 80% by wt. min. 
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Table 14.47: Solvent Properties of Alkylene Diamines (2) 





ETHYLENE | PROPYLENE 
DIAMINE 


Water 

Alcohol 

Glycols 

Glycol ethers 
Acetone 

Methy! buty] ketone 
Ethy! ether 
Butyl ether 
Naphtha 
Benzene 
Turpentine 

Pine oil 

Paraffin oil 
Castor oil 
Linseed oil 
Paraffin wax 
Beeswax 

Shellac 

Rosin 

Ester gum 
Dammar gum 
Copal gum 
Sulfur 

Vinylite A 
Vinylite N 
Vinylite 0200 
Cellulose acetate 
Cellulose nitrate 
Benzyl cellulose 
Water-sol. dye 
Alcohol-sol. dye. 
Oil-sol. dye 


Satd. brine | 








M = miscible in all proportions 


S = gol. to over 5% 
SS = sol. from 1 to 5% 
PS = sol. in part 
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I = sol. to less than 1% 
SH = sol. hot 
VS = very sol. 

G = gels. 


Table 14.48: Vapor Pressures of Alkylene Diamines and Other Amines (79) 
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Table 14.49: Density of Ethylenediamine Solutions (23) 
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Table 14.50: Density of Higher Ethylene Amines (23) 
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Table 14.51: Viscosity of Ethylenediamine Solutions (23) 
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Table 14.52: Viscosity of Higher Ethylene Amines (23) 
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COMPARATIVE DATA 


Table 14.53: Akzo ARMEEN, DUOMEEN, TRIAMEEN, ETHOMEEN, Ethoxylated Diamines, Propoxylated Amines (59) 


Armeen Primary Amines 









SPECIFICATIONS M 


BA iau 


[IDEEN E ae и Р Р 


lodine 


EE T E с: А 


А Melting | Primary NN Amine 


AN 
mer ES 
| 


IT TSCA Primary Amine Gardner Moisture; Equivalent 
б 









































































Tradename Common Name* Number Amine, Митһег Coior % | Weight? ` Point, °C Amine, % Number уаџе 
n Міп. Min. Max. Max. й ҮЗ | | | | | 

Агтееп 180 Octadecylamune 98 | 204 | 0.5 270 
Агтееп О Oleylamine | 97 205 3 0.5 266 | в | 
Armeen OD 112-90-3 ШЕ 0.5 265 | 89 
Armeen OL Oleylamine 4 0.5 275 ва 
Armeen OLD Oleylamine 12905. | өң i 207 1 05 7 265 21 о 89 
Агтееп С Cocoalkylamine 61788465 | - 972 o5 204 9 | 
Агтееп СО Cocoalkylamine 61788-46-5 | 98 | 215 1 0.5 200 16 9 
Агтееп $ 61790489 | 97 206 4 0.5 275 29 
Armeen SD Soyaatkylamine 61 790- 18 9 | ЕТ E 208 0.5 264 
Armeen T Tallowalkylamine 61790-3538 | 97 208 0.5 261 40 98 210 46 
Armeen TD Tallowalkytamine 61790.358 | эв | 2 | 0.5 262 ^0 оо | 21 16 
— s x зо 





Armeen Secondary Amines 


| E E Apparen | | i | 
Registered 4 б ‚., . TSCA Secondary Amine Gardne Equivalent · Meiting Secondary Amine 
Tradename -. | no и. "ДИК. У И“. MU ii LL B Number 


| Мах. | | 

















Агтееп 2С ME Dicocoalkylamine 161789- 76-2 








Агтееп 27. ШИ Опаполакуатте 





Armeen 2HT Dihydrogenated tallowalkylamine 











Armeen 2-18 Dioctadecylamine 





“Common name may be different from the name listed by TSCA. 
* Equivalent Weight - 56,1i0/Amine Number 
"**D = Distilled 
****All secondary amines meet moisture specifications of 0.5% max. _ (continued) 
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Table 14.53: (continued) 


Armeen Tertiary Amines 
Armeen Monoalkyl Amines 


SPECIFICATIONS* * MEE FVPICAL PROPERTIES 


Registered TSCA Tertiary Amine Gardne Equivalent bon enr Amine Tertiary 
Tradename Common Name * * * Number Amine, % Number Color | Weight Point, °C Number Amine, %. 








Min, 
Monoalkyl-dimethylamines: 





Armeen DM12D* * * * Госесуі-діте(һуіатіпе 112-18-5 


Armeen DM18D  Octadecyl-dimethylamine 124-28-7 | 95 | i [| | 
Armeen DMOD Oleyl-dimethylamine 28061-69-0 95 | 183 EN 


Armeen DMCD Cocoalkyl-dimethylamine 61788-95-0 ШЕСЕН 


Armeen DMSD Soyaalkyl-dimethylamine 61788-91-8 


Armeen DMTD Tallowalkyl-dimethylamine 68814-69-7 
Агтееп ОМНТО Hydrogenated tallowalky!-dimethylamine 61788-95-2 


Armeen Diaiky! Amines 








Armeen DM16D Hexadecyl-dimethylamine 















SPECIFICATIONS** 2. 1 ТҮР!СА| РВОРЕВТПЕ5$ 


Registered TSCA Tertiary Amine Cardnei — Equivalent Meiting Amine 
Tradename Common Name" * * Number Amine, % Number Color . Weight Point, °C 


Min. 


Dialkyl-methylamines: SEEN Ко i 
Агтееп М2С Dicocoalkyl-methylamine 61788-62-3 -2 
Armeen M2HT Dihydrogenated tallowalkyl-methytamine 4 61788-65-4 


Tertiary 
Number Amine, 96 





Armeen Tríalkyl Amines 


SPECIFICATIONS** ‘TYPICAL PROPERTIES 


Registered TSCA Tertiary Атіпе Сагдпе! Equivalent Melting 
Tradename Соттоп Мате * • • Number Атіпе, 9о Number Со!ог | Weight Point, *C 


Amine Tertiary 
Number Amine, 96 


х.' 


Min. Min. Ma 
Armeen 3-12 Tridodecylamine 102-87-4 95 102 І 9 
Armeen 3-16 Trihexadecylamine 67701-00-2 98 в) 5 38 


Triatkylamines: 





(continued) 
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Table 14.53: (continued) 


Polyamines 
Duomeen Diamines 


Registered 
Tradename 


Common Name* 
Duomeen C 
Duomeen CD 
Duomeen T 
Duomeen TTM 


Duomeen OL 


Duomeen LT-4 3-tallowaikyl- } ,3- 


hexahydropyrimidine 


Duomeen S 


Higher Amines 





бы КА 


А 


Tradename Common Name* 


TriameenT В 


Tetrameen T 


N-Soyaalkyl trirnethylenediamines 


А " P 


N-tallowalky! dipropylene triamine 


.N-tallowalky! tripropylene tetramine 


SPECIFICATIONS 


TSCA Атте 
Number 


Number 


N-coco- I ,3-diaminopropane 61791-63-7 


N-tallow- 1, 5-diaminopropane 


N,N,N’-trimethy-N’- 68783-25-5 
tallow- 1 ,3-diaminopropane 


N-oleyl- 1, 5-diaminopropane 7175.62.8 


EPA Listed 


61791-67.1 


Number 


61791-57-9 
68911-79-5 


' Common name may be different from the name listed by TSCA. 


Ethomeen Ethoxylated Amines 


Registered 


Tradename Common Name* * * 


Ethomeen C/12 
Ethomeen C/1 5 
Ethomeen С/20 
Ethomeen C/25 
Ethomeen 0/12 


ЗРЕСНСАЦОКО““ . 


TSCA 
Number 


Min. 


Gardner 
Color 


-SPECIFICATIONS _ 


TSCA Amine 


Number Color 


Max. 


Equivalent Weight 
Мах. 


КТ 


Gardner — lodine 
. Value. 


Min. 


I ULL 


Gardner 
Color 


Max. 


lodine 
Value 


Moisture 


% 


.... TYPICAL PROPERTIES | 


Moisture 


96 
'Max. 


Primary - 
pus - 
Secondary 
Amine, 96: 


( 





-TYPICAL PROPERTIES 


Amine 
Number 


Appearance 
@ 25 °С 


Equivalent 
Мејеће 





Amine 
Number 


Equivalent Melting 
Weight Point 


Ваи 


Amine 
Number 


Appearance 
@ 25 °C 


Liquid 


{continued) 
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Table 14.53: (continued) 


pe 


d „ТҮРІСАІ PRORER RT 
| | 


| | | plus | | 
Registered | Gardner Secondary’. Amine | Appearance 
Tradename Common Name" * * Number Equivalent Weight . Cotor Amine, % Б -. Number | а 25 '6. 


Міп. Мах. | 
СРИ ој о 
Ethomeen T/12 Ethoxylated (2) tallowalkyiamune | 61791-4444 | 
Ethomeen T/15 61791-26-2| 40 | 
= а 
iu. 
a 









16 
160 


Liquid 











Paste 



















Ethomeen T/25 ' Ethoxylated (15) tallowalkylamine 61791 262 | 
Ethomeen S/12 Ethoxylated (2) soyaalkylamine 61791-24-0 з= + 5 
Е(һотееп 5/15 Ethoxylated (5) soyaalkylarmmne | 6179240 470 495 | 10 2 


61791-24-0 


саа 955 | 10 | 


Ethomeen S/20 Ethoxylated (10) soyaalkylamine 






Ethomeen S/25 Ethoxylated (15) soyaalkylamine 






























REPRE Ethoxylated (2) octadecylamine | 10213-78-2 5 
Ethomeen 18/15 Ethoxylated (5) o«tadex ylamime 26635 92 7 480 ; 2 
Ethomeen 18/20 26655-92-7 | 8 | а 
Ethomeen 18/25 Ethoxylated (15) octadex ylamine 26645592 / 900 960 | в | | Liquid to Paste 


2370 2570 | 10 05 . Paste to Solid 








26635-92-7 





Ethomeen 18/60 Ethoxylated (50} octadecylamine 


Ethoduomeen Ethoxylated Diamines 


.SPECIFICATIONS.. .. . | TYPICAL PROPERTIES 
Primary | 
plus 


Registered | TSCA | | Seconda Equivalent Appearance 
Tradename | Соттоп Мате * * * ЭТ Митђег | вав ња Атіле, % Weight (:259С 


Ethoduomeen T/13 Ethoxylated (5) N-tallow-1,5-diaminopropane |61790-85-0 | M 

Ethoduomeen T/20 Ethoxylated (10) N-tallow-1,5- 61790-85-0 
diaminopropane 

Ethoduomeen T/25 Ethoxylated (15) N-tallow-1,5- 61790-85- 0! Liquid 
фатторгорапе 





Propomeen Proxylated Amines 


SPECIFICATIONS*- Е ': TYPICAL PROPERTIES 


С | | | TSCA Gardner к Атіпе Арреагапсе 
Tradename CAS Name Number Equivalent Weight Color Amine, %: Number @25°C 


Min. Max. 


Propomeen C/12 М-сосоаку!-1,1"- ‚ 68516-06-3 508 : i | Hazy Liquid 
iminobis-2-propanol i і i | 


Ргоротееп О/12 N-oleyl-1,,1’-iminobis- 65086-71-7 “ei “er Clear Liquid 
2-ргорапо! 


Propomeen T/12 | N-tallowalkyl- 1, 1' | 68951 72-4 | : : Clear Liquid 
i iminobis-2 propanot i : 





{continued} 
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Table 14.53: (continued) | 
_ARMEEN Aliphatic Amines. 


~ CTFA ADOPTED NAME | FORM | ро 


Сосатіпе 98 


МИ Р Р ЕР ЕР РЕА се фа е 


TRADE NAME 
















Armeen CD 







Armeen 2C Dicocamine 






Armeen DMCD 
Armeen DMMCD 






Armeen 12D 






Armeen DM12D 







Armeen 16D 






Armeen DM16D 






Armeen 18D 
Armeen DM18D 












Dimethyl Stearamine Liquid 








Armeen SD Soyamine 





Paste 









Armeen DMSD 
Armeen TD 







Armeen HTD 


Armeen DMHTD 








Armeen 2HT 







Oleamine 
ETHOMEEN Ethoxylated Aliphatic Amines 


TRADE NAME CTFA ADOPTED NAME | FORM | 
> < | | (АРРКОХ.) 
Ethomeen С/12 PEG - 2 Сосатте Liquid | 99 
Ethomeen С/15 PEG - 5 Cocamine Liquid 99 | 
Ethomeen C/2u PEG - 10 Cocamine 
PEG - 15 Cocamine 
Ethomeen 18/12 PEG - 2 Stearamine | Soid | 99 | 
Ethomeen 18/15 PEG - 5 Stearamine | solid ЕСЕЙ 


Ethomeen 18/20 PEG - 10 Stearamine Liquid to. Paste 99 


Ethomeen 18/25 PEG - 15 Stearamine 
Ethomeen 18/60 PEG - 50 Stearamine 
Ethomeen 0/12 | PEG - 2 Oleamine 
Ethomeen 0/15 | РЕС - 5 Oleamine 

Ethomeen 0/25 PEG - 15 Oleamine 99 
Ethomeen S/12 PEG - 2 Soyamine 99 
Ethomeen S/15 PEG - 5 Soyamine 





Armeen OD 








CONC (%) 









| Ethomeen C/25 








Ethomeen S/20 PEG - 10 Soyamine 





Ethomeen S/25 PEG - 15 Soyamine 


Ethomeen T/12 1 PEG - 2 Tallow Amine 


Ethomeen T/15 PEG - 5 Tallow Amine Liquid to Paste | | 
Ethomeen T/25 PEG- 15 TallowAmine | Liquid to Paste 99 (continued) 


716 Industrial Solvents Handbook 


Table 14.53: (continued) 


Solubilities of Normal Saturated Primary Fatty Amines in Various Solvents 


All temperatures are in degrees Centigrade. 
Solubilities are in g/amine per 100 g/solvent. 


Benzene 






No. of Carbon 
Atoms in Amines 













42.9 





144 






335 


15 
27.9 | 120 















1.4 E | 86 
0.2 22.6 275 x 
5.8| 71 |275 
0.24 1851 72 
441 22.71 46.8 


Ethyl Acetate 


Acetone 


аы 
6. 6 х 


0.3 %. 266 
15.5 228 
<0.1 445 
Во и 1 









Мо. of Carbon 
Atoms in Amines 






2-Butanone 





550 

196 1930 
2.8 | 62 (292 
0.2 6.11116 

0.6 













228 
75 


492 
25.11154 458 
731 68 | 169 580 





182 
57 430 
16.51150 405 
5.9| 55 | 148 515 
0.4| 22.7) 75 208 |1240 


(continued) 
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Table 14.53: (continued) 


PRESSURE MM нә 


Ж? 
ЕЕ + 
ЛУУ ЛУ ГАШИШ ШЕШШ 


TEMPERATURE , °C 





Vapor Pressure Curves of Normal Saturated Primary Amines 


Approximate Alkyl Percent Distribution for Fine Amine Chemicals* 
Alkyl 


Groups 10 12 16 18 О OL C S T HT 
Alkyl decyl- dodecyl- hexadecyl- octadecyl- oleyl- oleyl- coco soya tallow hyd rogenated 
Composition tallow 
Saturated 


са ud 6 
c10 NUR ЛЕ АЕ С ЕЛЕР АЛА EE 
c12 в | 5 | |. |о5|05|5 |25| | | 
C15 ро | |]. |] | | Le] 95 | 
c16 т рн | з Ре Ре |з | ој» | s | 
c17 НАС З С eat НИ 


с18 2 15.0 20 


Unsaturated 

C14’ | 0.5 0.5 0.5 
cie Е аео аг 
ста" 5 1 2. || 75 | e [495] a | 


* Composition is that of base acids from which amines were derived. 

The chemical name in each table indicates the major alkyl group or the source of each alkyl 
mixture for every product. 

The table gives additional information about the alkyl distribution of ali products. 

The tradename includes the source for each product; for example, Armeen 18 is octadecylamine. 
The alkyl group in Armeen Z is derived from cocamine. 
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Table 14.54: ANGUS Amines (34) 


Amine CS-1135* 


Ргіпсіра| сотропепі  .............. 
Appearance ......................... 
Boiling point............. 


.-.......»..... 


Neutral equivalent (саїс).............. 120-126 
Пепзйу ак 26“С ..................... 0.9429/ml 
рН of 0.1M soin. (20°C) .............. 11.0 


Soluble at > 50% by wt. in water: ethyl alcohol; benzene; mineral spirits 


Amine CS-1246" 


Principal component 


Appearance .............. 
Boiling point.............. 
Neutral equivalent (calc) .. 


.. 


+ + 9.9 4. т а а э >» «= 


* 9 9 * * * 6 * 9" ө 4 


à » $ * 9 УФ э ne te @ 


97.5% minimum | 
Colorless to pale yellow mobile liquid 
73-75 C at 10 torr 


Density at26'C ..................... 1.072g/ml 


pH of 0.1M soln. (20°C) ... 
Soluble at > 50% by wt. in water; ethyl alcohol; benzene; mineral! spirits 


ZOLDINE* ZT-55 


Principal component... 
Appearance .............. 
Meiting point ............. 


+ © % €» * 9 9 a ө «5 + 


воен ава овоа 


те ка э 3' 5 тоз ot 


» 9 9 P ое * » $ * 9 * 


10.2 


Мешга! едиуа!еп! ................... 273-278 
БепзНу а1 25°С .................... 1.1259 / т] 
pH of 0.1M soln (20°C) Берл 9.4 


78% by weight in water 
Colorless to pale yellow mobile liquid 
70-72'C at 100 torr 


5596 solution in water | 
Colorless to pale yellow mobile liquid 
54.5°C (active component) 


Typical Properties of AMINE CS-1135 


Amine component .............. 78% by wt 
Neutral equivalent as a base...... 120-126 
Соіог, АРНА..................... 100 (тах) 
Flash point, Tag closed cup.......... 120°F 
Freezing point................ below -20*C 
Specific gravity at 25/25°C....... 0.98-0.99 
Міѕсоѕіїу ай 259С.................. ~7.5 ср 
ВН ылатын ы сла ба аже» 10.5-11.5 
Weight рег 0.5. дайоп............... 8.2 |Ь 
Typical Physical Properties of CS-1246 
Specific gravity, 30/20?C ............ 1.085 
Boiling point, *C at 15 mmHg ........... 71 
Егөетїпр роїпї, °С........................ О 
Surface tension, dynes/cm at 25°C ...36.5 
DU ама nace АК ыл» 8-9 


Soluble in water, ethanol, benzene, 
chlorinated hydrocarbons, and acetone 


Flash point, Tag closed cup, °F......... 175 
Specifications 

Purity, % Бу М. .................. 97.5 min. 

Total Oxazolidines, % by wt. ..... 99.5 min. 

Сојог АРНА...................... 100 тах. 

Уаїег, % Бу м. ................... 0.5 тах. 


Active ingredient soluble at » 5096 by wt. in water; ethyl alcohol; at 25 g/100 ml 
in benzene at 25°C; at 1.2 g/100 ml in mineral spirits! at 75°C. 


1’ when anhydrous 


Table 14.55: Ashland Amines (69) 


Product 
AMP-95 


Butyl Amine 
Cyclohexylamine 


Dibuty! Amine 
Diethanolamine 


Diethyl Amine 
Diethylene Thiamine 
Diethylethanotamine 
Diisopropyl Amine 
Dimethylethanolamine 
isopropyl Amine 


Methyldiethanolamine 
Monoethanolamine 
Morpholine 
Tiethanolamine 
Tiethanolamine, 9996 
Tdethyl Amine 


Specific 
ravity 


0.942 


0.742-0.747 


0.8645-0.8655 
(25°/25°C) 


0.760 
1.090-1.094 


0.705-0.709 
0.953-0.958 
0.885 
0.715-0.720 
0.888 
0.686-0.690 


1.04 
1.016-1.019 
1.001-1.004 
1.1220-1.1300 
1.1240-1.1270 
0.726-0.730 


Distillation °C 


76.0-81.0 
Approx. 134.5 


155-163 


Approx 187 
(50mm) 


54.0-59.5 
195-215 
157-165 
Approx. 84.1 
130-135 


30.5-34.0 
(90 ml. min.) 


242-260 

166.0-174.0 
126.0-130.0 
Approx. 360 


85.0-91.0 


Amine % by wt 
Based on Tota! 
Alkalinity 


95 


97.0 
98 


98 
98.5 


98.5 
89.0-93.0 
99.5 

98.0 

99 

99.0 


9 


99.0 
85.0 
99.0 
99.0 


Color Flash Point гаете 
Pt-Co Scale °F F Point кр. реј Gal: 
Max Open Cup С at 20°C 
28 172 -2 7.85 
(25°С) 
15 30 - 49 6.20 
20 72 -18 749 
(25°С) 
15 124 -62 6.32 
15 280 28.0 9.14 
15 <0 -50 5.88 
30 215 – 39 7.98 
15 120(CC) 
15 21 -96 597 
20 103(СС) – 59 
15 <0 -95 5.73 
250 259 -225 8.68 
15 200 10.3 8.47 
10 102 8.37 
50 355 21.6 9.37 
50 375 21.6 9.37 
15 20 ~115 6.06 
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Table 14.56: Chemcentral Amines (67) 




















































































ore Refractive 
AMINES Зи ас 
АМР 956 
AMP REGULARS | x Г 0095 - 1.449 
DIETHANOLAMINE (DEA) | 1:053 |] 980 — 1.088 30/4°C "30"c | 00060 | 00040. 1.475@ 30°C — 
_ ОИЗОРАОРАМОКАММЕ _____ 4330 Р _ | 0.992 40/4°С Е ш ан 1.4595 @ 30°C 
_ ОКТАНЗОРАОРАМОКАМИМЕ | 1.4601 
__ МОМОЕТНАМОГАМЈЕ (МЕА) 1.015 1.4525 
' MONOISOPROPANOLAMINE 0960 (44600 
| MORPHOLINE > 110-918. 0.999 _ 14545 6 2090 | 
С ТВ!ЕТНАМОГАМ!МЕ (ТЕА) 102-716. 1.121 | 14836 | 
. TRIETHANOLAMINE 99% 
TRIISOPPOPANOLAMINE 122203 | 1.010 40°C 
_ETHYLENEDIAMINE _ EDA 107153 | & 0.901 1455. 
“DIETHYLENETRIAMINE ______ЕТА__|_ 111-40-0 _ НКТ — 
TRIETHYLENETETRAMINE TETA 112 24-3 т 01.496 — 
TETRAETHYLENEPENTAMINE ТЕРА форте 1.503 
DIETHYLAMINOETHANOL 100-37-8 t17. 2 99 __| 088511 " 0 ПР ИК 
_ОЈЕТНУСАММЕ _______________1одво7 | таи | 994 — | 07079: | 5871 | ра m 
ETHYLAMINOETHANOL — | 40736 | 8916 _ = Ogia} | 762: | Ae 
TRIETHYLAMINE __________ mra | 1012 | тоо 0.7291 d. ст Ne nse on 





“20 тт Но ..5 mm Fig: ET а | 20/20*C a Open Cup bCentstokes. € Trade Mark Angus 9: 40/40%С 





Bong Range 5-95% 
е 


AMINES 











































с | F | 
АМР-95© 100-165 212-329 172 
С АМРВЕСШАНС | —— ] sen | 3335 | а T 
DIETHANOLAMINE (ОЕА) —— | 1681699 | 334336 |<. 305 
“‘DIISOPROPANOLAMINE [119 123** | 246-253 | — | 250 
DI-TRI ISOPROPANOLAMINE | 100-274^* | 212-525** 2197 8 
МОМОЕТНАМОСАМЋЕ (МЕА) | 170-172 — 338-342 195 _ 
| МОМОІБОРВОРАМОГАМІМЕ | 169-163 38325 _ 165 __ 
" MORPHOLINE 26:30 | 259-266 100 
TRIETHANOLAMINE ; TEAL 3751916 | 3473176" 365 
— TRIETHANOLAMINE99X 385 
TRHSOPPOPANOLAMINE [|  . f - 320 
С ЕТНИЕМЕОАММНЕ — — EDA | 115119 | 239246 21090. 
_DIETHYLENETRIAMINE - БЕЗГЕН 199-207 390 405 210 
 TRIETHYLENETETRAMINE  TETA 260.200 |] 500554 Р | 20.005 | 270 
"TETRAETHYLENEPENTAMINE TEPA | 155-210 | 311-410 340 
DIETHYLAMINOETHANOL 1621 (324 а. 
E E ыр m wien cadum юллы S : Dior 
ETHYLAMINOE THANOI 162 169 — | 324 336 ул зң уха” “көзі ого С пе МЕ |. ee 
TRIETHYLAMINE 85-91 185-196 e АЗУ оо о [ама [|20 


fable 14.57: Dow Commercial Alkanolamines (23) 


Properties of Dow Commercial Alkanolamines' 


Борго- 
panolamine 
Mixture 


Equivalent Wt 105.3 142.0 148.6 133.0 191.0 139.5 
Bowing Point, 

"С("Е), 760тт На 171 (340) | 268 (514) | 325 (617) | 340 (644) | 159 (318) | 249 (480) | 306 (583) | 214 (417) 
Freezing Point, °C,°F 10 (50) 28 (824) | 17 (62.6) | 21 (69.8) | 3' (37.4) | 44° (111.2) | 44" (111.2) | 24! (752) 
Specific Gravity, 25/4°C 1.0113 1.0881 1.1179 1.1205 0.960 0.992 0.988 1.003 

(20/4°C) | (40/4°С) (70/4°C) 

Lbs/Gal, 25*C 8.45 19. 9.34 9.35 795 . 827 8.24 8.36 
(40°C) (70°C) 

Refractive Index N,, 25°C... | 1.4525 1.4836 1.4839 1.4456 1.4595 1.4601 
(30°C) 

Viscosity, cps, 25°C 18.9 590.5 600.7 23.0 870.0 950 
(30°C) 

5.0 65.6 65.8 6.0 (54°C) | 86.0 (54°C) 68 (54°C) 
Flash Point, ° 2017 3544 350° 1736 2763 2294 
Fire Point, ° 200 410 420 — 275 245 


'Supercools; freezing point results show variation. 
?L.T. Setaflash C.C. 
?H.T. Setaflash C.C. 
^Pensky-Martin C.C. 
о O.C., no flashpoint observed up to the boiling point using Setaflash closed cup. 
ад С.С 
tThese properties are typical of the product, but should not be confused with or regarded as specifications. (continued) 
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Table 14.57: (continued) 
Properties of Pure Alkanolamines' 


Mono- Diethanol- 
Property ethanolamine amine 

























| ~ | ы по тігіс 
атіпо- Iminobis- nitrilo- 1-aminopro- 
Chemical Name ethanol ethanol trisethanol pan-2-ol 
САб5 Митрег.................. 111-42-2 102-71-6 
РОШПШ@ ал terere (HOC;H4);NH | (НОС-Н,),М 
Molecular Weight.............. 149.19 
Boiling point, 'C 760mm Hg. .... 340 
Freezing point, "C ............. 21 
Density, gm/ml, 20°C ........... — | 
РО ва 1.1196 0.957 
Noa t 1.1116 0.944 
РРР — 30.6 
TE 613.6 17.3 (30'C) 
PIE DENEN 208.1 6.0 (54'C) 


1.4835 (25'C) 
1.4798 


1.4479 
1.4369 (50°C) 


Specific heat, 30°C, 
























Triethanolo- | Monoisopro- Diisopro- 
amine panolamine panolamine 


1,1- 
iminodi-2- 
propanol 


110-97-4 
(НОС„Не),МН 
133.19 

249 

44 

0.999 (30°C) 
0.992 (40°C) 
0.977 (60°C) 
870 (30°C) 

86 (54°C) 
1.4595 (30°C) 






















100 (60°С) 
1.4560 (25°C) 
1.4600 


0.635 (50°C) 


Triisopro- 
panolamine 


1,1“,1“- 


nitrilotri- 
2-propanol 










1.010 







































са/дт“С .................. 0.555 0.650 0.710 (50°C) 
Flash роїпі, "Р ............... 350 173 276 
Heat of fusion, btu/lb? ......... 78.41 77.65 85.14 
Heat of vaporization, 
btu/lb, Там? n... 176 273 188 
Critical temperature, °C* ..... 514.3 339.5 399.2 
Critical pressure, 
atmospheres*.............. 24.2 36.0 
Constants for Antoine 
equaltionA................. 8.36007 / 65/91 752712 
РИИ 2987.63 1666511 1885.092 
RM TERRE 205.111 180.077 156.432 
'Relerence data and methods tor Dow Commercial Alkanolamines above. 
Calculated. 
3At 165.5°C and 13.2mm Hg. 
tThese properties are typical of the product, but should not be contused with or regarded as specitications. 


Solubility of Alkanolamines 


Grams of Alkanolamine per 100 grams of solvent at 25°C 


Mono- 


Мопо- 
ethanol- 
amine 


CM 
about 1.2 
CM 


‘Acetone........ 
Benzene ....... 
n-Butyl Alcohol. . . 


‘Carbon 
Tetrachloride . . 


Dibutyl 
Phthalate 

'o-Dichloro- 
benzene 


'DOWANOL** EB 
glycol ether. .. . 


'DOWANOL TPM 
glycol ether... . 


Ethyl Alcohol 
(absolute) ..... 


Ethyl Ether 


‘Ethylene 
Dichioride..... 


‘Ethylene Glycol. . 


about 3.6 


about 0.7“ 


CM 


CM 


CM 
about 2.2 


СМ“ 
СМ 
СМ 
about 0.06 
СМ 
about 0.05 
CM 


"Glycerine Mim due 
n-Heptane....... 


isopropanol 


Kerosene........ 
Methanol........ 


t ,1.1-Trichloro- 


ethane........ about 0.6“ 


"Methylene 


Chloride СМ“ 


А... + 


Di- 
ethanol- 
amine 


CM 
about 0.2 
CM 


ж 


about 0.5 


about 0.1* 


CM 


CM 


CM 
about 0.7 


ІМ" 
CM 
CM 
about 0.01 
CM 
about 0.01 
CM 


about 0.08“ 


ІМ“ 


Trl- 
ethanol- 
amine 85 


CM 
about 2.7 
CM 


about 2.8 


about 6* 


CM 


CM 


CM 
about 1.5 


см“ 
CM 
CM 
about 0.02 
CM 
about 0.02 
CM 


about 1.4" 


CM* 


Trl- 
ethanol- 
amine 99 


CM 
about 4.9 
CM 


about 3.8 
СМ“ 
СМ 
СМ 


СМ 
about 1.8 


СМ“ 

СМ 

СМ 

about 0.03 
CM 

about 0.03 
CM 


about 2.5* 


CM* 


Isopropanol- 


amine 
CM 
CM 
CM 


about 4* 


about 19* 


СМ" 


СМ 


СМ 


СМ 
CM (slow) 


СМ" 
СМ 
СМ 
0.4 


Diisopro- 
panol- 
amine 


53 
200 


about 35* 


about 5* 


about 29* 


91 


45 


about 150" 
260 

220 

0.1 

320 

02 

670 


about 15* 


about 180* 


Tri- 
Isopropanol- 
amine 


450 
410 
445 


about 170* 
about 115° 
абош 300" 
250 

18 


> 500 
365 


about 375* 
425 
115 
3.45 


4 
> 500 


about 280* 


» 500" 


Isopro- 
panolamine 
Mixture 


CM* (slow) 


CM* 


CM 


CM 


CM 
CM (slow) 


CM* 
CM 
CM 
0.9 










(continued) 
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Table 14.57: (continued) 


Grams of Alkanolamine per 100 grams of solvent at 25°C 


Mono- Di- Tri- Тгі- Мопо- ОНзорго- Tri- іворго- 
ethanol- ethanol- ethanol- ethanol- į воргорапо-  penol- isopropanol- | panolamine 
amine amine amine 85 | amine 99 amine amine amine Mixture 


Мтпега! ОН ...... about 0.06 | about 0.02 | about 0.03 | about 0.03 | 02 0.05 
Mineral Spirits ... | about 0.08 | about 0.01 | about 0.03 | about 0.04 | 04 0.2 
Naphtha VMP.... | about 0.07 | about 0.01 | about 0.03 | about 0.06 | 04 0.3 


'Perchloro- is 
ethylene. ...... about 0.1* 
















































about 0.02* | about 0.1* | about 0.17* | about 07* | about O9* | about 160* 





CM CM 110 
about 0.7 { about 0.1 about 0.6 about 1.7 12 
CM CM CM 1200 
CM = completely miscible IM = not completely miscible "Dow Solvents 


*The amine reacts with the solvent to some extent 
“Trademark of The Dow Chemical Company 


Refractive Indices, n,, of Aqueous Ethanolamine Solutions at 77°F (25°C) 








Son 
ДА Ра ааа 






x adage ВИН 
á a ЦИЯ ИТЕН 
=.» ПАСАУ А ТЕТІГІ 
о 9 РУ ТТ ТИПТЕ 
БП ТИШИ ТТТ ОГ 
зо 
ЕГЕП Т ИННА EET 
eS ИП 
vs РЕТ ЕЕЕ 
ДИН НИ На 
ss RTT E АВ 
ү, НЕ АЕ ЕЕЕ ЕВЕ РДЕ Е 
аа РРО СЮ Р ВІВ СОСЕН А 
0 10 20 40 50 60 70 80 90 100 


Бл НЕҢ OF AMINE, WEIGHT % 


Refractive Indices, n,, of Aqueous Isopropanolamine Solutions at 77°F (25°C) 


ISOPROPANOLAMINE MIXTURE 4 


ай 
2 
A 


REFRACTIVE INDEX 


0 10 20 30 40 50 60 70 80 90 100 
CONCENTRATION OF AMINE, WEIGHT % 





(continued) 
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Table 14.57: (continued) 


Freezing Curves of Aqueous Ethanolamine Solutions 


2. 'запшунааиаЈ 
3 D Я ? о 7 8 8 F 


50 


Diethanolamine 


ЧИГ? 
ӨЗІНІ 


10 20 30 4 





з» 'ЯНПІУНЗАЙІЗІ 


O. знглунзайз: 


ОЕ NE WEIGHT Фо 


Moncethanolamine 


за 





я888898288 8. 
3. '3univuadwal 


10 
CONCENTRATION 


2. '"aunivu3dwal 
2882 2888 






Triethanoiamine 99 


НЕНЕЕЛЕНЕ 
Titi |||, 
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Table 14.57: (continued) 
Freezing Curves of Aqueous Isopropanolamine Solutions (Con’t.) 
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Table 14.57: (continued) 


(weight % of amine) 
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Table 14.57: (continued) 


Densities of Alkanolamines 
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Table 14.57: (continued) 
Total Vapor Pressures of Aqueous Diethanolamine Solutions Total Vapor Pressures of Aqueous Triethanolamine Solutions 
(weight % of amine) (weight % of amine) 
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Table 14.57: (continued) 


Viscosities of Aqueous Triethanolamine Solutions 
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Table 14.57: (continued) 


Viscosities of Aqueous Triisopropanolamine Solutions 
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Table 14.57: (continued) 
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Table 14.58: Humko Amines (25) 


Primary Amines 


Typical carbon chain composition 


Description value 1963 но lodine 
. (CTFA adopted пата) Min Max Max value | с | са | 


Kemamine P-6500 | Distilled Coco 270 1 poe НА 
Кетатіпе Р-970" | | Technical Hydrogenated Tallow 93 3 0.5 3 | 
| (Hydrogenated Tallow Amine} | | 
Kemamine P-970D* Distilled Hydrogenated Tallow 97 
| | ___(Hydrogenated Tallow Amine) | 
Kemamine P-974D Distilled Tallow 97 
| (Tallow Amine) ol 
Кетатіпе Р-9890 Distilled Oley! 97 
| | (Оватте) | | 
Kemamine P-999 Technical Oleic-Linoleic NOM | i 


*Available in flake form. . . | А і 
Соіог 
Amine values Gardner, % 
| | 1963 | #20 iodine 
Description % Diamine 2° Totai Max Max value 


N-90% 


Kemamine D-190 88 Тур |150Тур | 120Тур | 10Тур | 280Міп 10 Мах 
Већепу!- 
Агастду! | | | i 
Kemamine D-999 N- 88 Тур | 150Min | 140 Мм 300 Min 70Min 
Oteic-Linoieic 


Total Color Typical carbon chain composition 
| amine Gardner, 
Description Tertiary value | 
(CTFA adopted name) Min Min 
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а | 
Є Kemamine T-6502D Distilled Dimethy! 95 230 
Е | Сосо | 
а Kemamine T-9701 Methyl Di-Hydrogenated . 95 103 
> Tallow 
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Kemamine T-9892D | Distilled Dimethyl 95 180 
| u Oleyl | 
| — Kemamine T-9902D Distilled Dimethyl Steary! 180 
| Dimethy! Stearamine 
Kemamine T-9992D Distilled Dimethy! Le | 180 


m Oleic-Linolenic 
| aminevalue | amine value 
Description Min Min 


| Кетапипе ОР-3695" | Dimer Diprimary Amine 


*Semicommercial. 
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Table 14.59: Proctor & Gamble Tertiary Amines (39) 





Chemical Properties АТ4295 AT-1495 AT-1695 ATA24 АТ471416 

% Total Amine 973 min 973 min 973 min 973 min 973 min 
(98.5) (98.4) (98.2) (984) (984) 

% Non-Terminal Amine 6.0 тах 6.0 тах 6.0 тах 6.0 тах 6.0 тах 
(5.2) (5.0) (5.6) (51) (5.0) 

% Non-Amine Material 2.0 max 2.0 max 2.0 max 2.0 max 2.0 max 
(1.5) (1.5) (1.7) (1.5) (1.5) 

Amine Value 254-264 226-234 203-211 246-254 236-244 
(263) (232) (208) (252) (243) 

% Moisture 0.20 max 0.20 max 0.20 max 0.2 max 0.2 max 
(0.1) (0.1) (0.1) (01) (01) 





Physical Properties 





Color-APHA 35 max 25 тах 35 тах 35 тах 35 тах 
(15) (19) (29). (17) (19) 
earance | Clear Clear t Clear t Clear to 
Ар ight haze sigh s sight hae sight haze slight haze 
Equivalent Weight (213) (242) (270) (223) (231) 





Compostion (%GC) 





C10 & Lower 1.0 max 1.0 max 
(0.0) (0.0) 
(12 95.0 min 3.0 max Өнүп» 41.54/-1.5 
(98,2) (10) (687 (414) 
(14 950 min 5.0 max d 1.5 490 +/-1.5 
(1.3) (975) (2.2) (30.5 (48.9) 
C16 2.0 max 2.0 max 95.0 min 1.0 max 95 +/-1.5 
(0.3) (14) (974) (0.8) (97) 
C18 & Higher 1.0 max 01 тах 
(0.3) (0.0) 
CAS No. 112-18-5 112-754 112-69-6 12-18-5 112-18-5 
112-75-4 112-75-4 


112-69-6 


Table 14.60: Occidental Ethanolamines (27) 


Ethanolamines Products, Grades and Specifications 


Specifications 


Monoethanolamine, wt. % 
Diethanolamine, wt. % 
Triethanolamine, wt. 96 
Color (APHA), max. 
Apparent equivalent wt. 
Water, wt. 96 max. 


Miscellaneous Grades 


Monoethanolamine, wt. 96 
Diethanolamine, wt. 96 
Triethanolamine, wt. 96 
Ethylene glycol, wt. 96 
Heavy ends & others, wt. 96 
Color (APHA) 
Water, wt. 96 max. 


че 


Low Freeze Grades 


Ethanolamines have relatively 
high freezing points, and in win- 
ler, especially in northern cli- 
mates, they can become too vis- 
cous to pump. For customers in 


Low Freeze Grades 





Monoethanolamine, wt. % 
Diethanolamine, wt. 96 
Triethanolamine, wt. 96 
Color (APHA), max. 
Water, wt. 96 max. 
Freezing point, (?C) 


Н 


МЕА 99 


99.0 min. 
0.5 max. 


15 
61.0-62.0 


DEA 99 


1.0 max. 


98.5 min. 


1.0 max. 
15 
104-106 
0.15 


15 max. 
85 min. 
2 max. 
4 max. 
1000 
1.5 


0.5 max. 


15.0 max. 
85.0 min. 


50 
140-145 


Amines 737 


TEA 97 HC 


0.5 max. 
3.0 max. 
97.0 min. 
250 
145-150 





these areas whose applications 
are not sensitive to water, Oxy- 
Chem offers each ethanolamine 
in a “Low Freeze” grade. Low 
freeze grade ethanolamines are 
produced by the addition of 15 


percent by weight of deionized 
water. They are blended in the 
delivery vessels prior to each 
shipment, and therefore, are 
not stored as finished products. 


MEA 99 LFG | DEA 99 LFG | TEA 85 LFG | TEA 97 LFG 


84.0 min. 
0.5 max. 


25 


-12 


0.9 max. 


83.5 min. 


0.9 max. 
25 
15.5 

1 


0.5 max. 


13.0 max. 


72.0 min. 
50 
15.5 
-5.5 


0.5 max. 

2.7 тах. 

83.0 min. 
250 
15.5 
-5.5 
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Table 14.60: (continued) 
Compatibility 


Acceptable Metals AcceptableNon-Metals 


Carbon steel (to 80°F) Butadiene-acrylonitrile (NBR, Buna-N®@) (MEA only) 
Copper (to 80°F) Carbon-graphite, resin impregnated 

Hastelloy B® Chlorinated polyether (TEA only) 

Hastelloy C® Epoxy compounds 















































Inconel® Ethylene propylene diene {EPDM) 
Мопе® Ethylene-terefluoroethylene (ETFE, Tefzel®) 
Nickel Fluorinated ethylene propylene (FEP) 


Nickel resist 

304 Stainless steel 
316 Stainless steel 

20 Cb 3 Stainless steel 
Tantalum 

Titanium 


Fluoroelastomers (FKM, Viton A®, Fluorel®) 

Modified phenylene oxide (Noryl®) 

Natural rubber 

Polybutadiene (lsoprene) 

Polyamides (Nylon® 12, Nylon® 66) 

Polychloroprene (Neoprene®) 

Polyester terephthalate (PET) 

Perfluoroalkoxy (PFA) 

Perfluoroelastomers (FPM, Kalrez®, Chemraz®, Kel-F®) 
Polypropylene (except TEA) 

Polysulfone (except TEA) 

Polyvinylidene fluoride (PVDF, Kynar®) (TEA only) 
Vinyl ester 












Technical Data 





Physical Properties MEA _ DEA TEA 
Chemical formula H,NCH,CH,OH HN(CH,CH,OH), N(CH,CH,OH), 
Molecular weight, (g/mol) 61.08 105.14 149.19 
Acidity/alkalinity, (pH) 11.5-12.2 10-12 10-12 
Boiling point @ 760 mm Hg, (°C/°F) 170/338 268/514 (decomp.) 335/635 (decomp.) 
Critical pressure, (Atmos.) 44.1 32.3 24.2 
Critical temperature, (°C) 341.3 442.1 514.3 
Coefficient of cubical expansion, (/°C) 0.00078 Q.00065 
applicable range, (°C) 20-30 30-40 

Density @ 20°C, (Ibs/gal) 9.104 (@30°C/20°C) 9.354 

@ 25°C, (g/ml) 1.093 1.120 
Dielectric constant - liquid 37.7 22.81 29.36 
Equivalent weight, (g/mol) 61-63 104-108 140-149 


Explosive limits in air, vol. % - lower 





- upper 


Evaporation rate @ 25 °C 
n-butyl acetate - (=1.00) <0.001 <0.005 0.015 
n-butyl acetate - (155 seconds) 8.5 hrs. 2.9 hrs. 
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Table 14.60: (continued) 


Physical Properties MEA DEA TEA 





Flammability rating combustible non-flammable non-flammable 
Flash point, (°C/°F) - Cleve. Open Cup 91/195 138/280 191/375 

- Tag Closed Cup 85/186 146/295 194/382 

- Pensky-Martin CC - 166/330 210/410 
Fire point, (°C /°F) 93/200 149/300 210/410 
Freezing point, (?C/?F) 10.3/50.5 28/82 21/70 
Heat of fusion, (BTU /1b2) 144.35 102.75 78.41 


Auto ignition temperature, (°C/°F) 410/770 662/1224 350/662 
Kauri-butanol value 


Latent heat of vaporization @ B.P. 
- (cal/g) s 
- (BTU/Ib) 287 
(@166°C, 13.2 mm Hg) 


Refractive index - liquid N 20°D 


Solubility @ 20°C, (% by wt) - In H,0 
- H,0 In 
Solubility parameter, 


[Hildebrand units, (cai/cm?) !/2] 





Specific gravity, (20°C/20°C) 1.018 1.092 (@30°C/20°C) 1.126 


Specific heat, (cal/gm/°C, BTU/Ib/°F) 
- liquid, (20*C)., 





Surface tension, (dynes/cm), Air @ 25°C 48.16 48.00 46.07 


Thermal conductivity, liquid @ 35°C 
(BTU-ft/ft?/hr/°F) 





Vapor density, (g/L) air=1, (165 / (3) 2.1 3.65 5.14 
Vapor pressure @ 20°C, (mm. Hg) <0.01 <0.01 
Viscosity, liquid @ 25°C, (cps) 


Antoine constants -A 8.02401 8.12303 8.2054 
-B 1921.6 2315.46 2739.58 


-C 203.2 173.3 175.7 





(continued) 


Table 14.60: (continued) 


Density vs. Temperature for Aqueous Solutions 
of Monoethanolamine 


8.7 


9 
ы» 


Density, Pounds/Gallon 
бо 
оз 


"n B | [10 MEA. ТЭ | 





60 80 100 120 140 160 180 
Temperature, °F 


Density, Pounds/Gallon 


9o 
фә 





Density vs. Temperature for Aqueous Solutions 
of Monoethanolamine 





120 140 160 180 
Temperature, °F (continued) 


072 


уоодриоц sjuaajog ]oiusnpu] 


Table 14.60: (continued) 
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Amines 747 
Table 14.61: Union Carbide Ethyleneamines (79) 
Typical Physical Properties 
Apparent 
Specific Vapor 
Molecular Gravity Freezing Pressure at 
Ethyieneamine Weight at 20/20°C Рони, “С 20°C, mm Hg 
Ethylenediamine 60.10 0.898 11 10.40 
Diethylenetriamine 103.17 - 0.952 -39 00800 
Triethylenetetramine 146.240) 0.980 35. <0.01 
Tetraethylenepentamine UHP 189.300) 0.994 466 «0,01 
Heavy Polyamine X 27502) 1.015 - 3268) «0.01 
Piperazine, 65% 86.1409) 1.0364 41 6.28 
Piperazine, Anhydrous 86.14 0.8770) 110 0.102) 
Aminoethylpiperazine 129.21 0.986 -17 <0.01 
Aminoethylethanolamine 104.15 1.030 - 4566) <0.01 
A Boiling 
Point/Ag, Absolute 
Boiling Point, °C 750-770 mm, Viscosity 
Ethylenaamine T60 mm Hg 50 mm Hg 10 mm Hg °C per mm Hg at 20°C, cP 
Ethylenediamine 117.0 47.8 19.4 0.043 1.80 Е 
Diethylenetriamine 206.9 1233 88.9 “005200 76 
Triethylenetetramine 22 2778 183 М 144 С 0058 20 
Tetraethylenepentamine UHP | 2889 nM 215 184 А 0.045 ЕНН 831 55 
Heavy Polyamine X ше | 2790 | 2396 со 460.7 
Piperazine, 6596 s 116 Ш 54 94 - 006 225" 
Piperazine, Anhydrous | | ||| 2771461 o — (9) 0.037 0.73011 
Aminoethylpiperazine 921.0 134.3 100.9 0.056 15.4 
Aminoethylethanolamine mE 242.8 161.3 127.0 0.049 140.6 
Electrical lonization | Solubility 
Conductivity Constant, K1, Dielectric in Water 
at 25°C. at 25°C Соп ап! at 20°C, 
micromhos/cm in Water at 23°C % hy wt 
Ethytenediamine 7.52 0.73 x 104 13.29 100 
Diethylenetriamine | — 0.86 | 0.65 x 104 12.22 E 100 
Triethylenetetramine 9.24 0.63 х 1040) 10.24 ЕТТЕ 
Tetraethylenepentamine UHP ЕКТІ 0.72 x 104(2) 9.32 | 10002 
Heavy Polyamine X 0.092 0.95 x 104 (2 8.72 10012) 
Piperazine, 65% 49.4(10) 0.43х 104 (3) — (9) 100(10) 
Piperazine, Anhydrous — (9) 0.43 x 104 — (9} 14 
Aminoethylpiperazine — 0.007 0.40 x 10 7.13 ^ 100 
Aminoethylethanolamine 063 0.31 x 10^ 1943 100 
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Table 14.61: (continued) 


Ethylenediamine 
Diethylenetriamine 
Triethylenetetramine 
Tetraethylenepentamine UHP 
Heavy Polyamine X 
Piperazine, 65% 

Piperazine, Anhydrous 
Aminoethylpiperazine 
Aminoethylethanolamine 


(1) 
(2) 
(3) 
(4) 
(5) 


Linear component only 
Typical molecular weight 
For Piperazine, Anhydrous 
At 42°C/42°C 

At 130°C/20°C 
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Specific Heat of Heat of Heat of 
Refractive Heat Vaporization Combustion Formation 
Index, at 20°C, at 760 mm Hg, at 25°C. at 25°C, 
по20°С cal/g * 2С BTU/Ib(*5! BTU/Ib BTU/Ib!'5) 
1.457 0.68 270 -13251 Жы E 569 
1.483 0.65 197 - 18910 ЕИ - 403 
1.499 0.63 162 - 14353 1620) 
1.505 0.61 162 - 14487 - 1390) 
а а Е ок СЫ рен 
1.513 0.58 99 - 14643 - 
— (9) 0.783 . 528 -9261 = 
— (9) 0.6304 250 -14696 - 304 
1.501 0.52 152 14744 25 -256 
1.486 0.64 237 - 12395 - 1193 
(7) Vapor pressure of the solid (13) At 42°C; melting point 36°C, heat of fusion 50.74 cal/g 
(8) Extrapolated; with decomposition (14) At 130°C; melting point 109.6°C, heat of fusion 72.83 cai/g 
(9) Solid at this condition (15) Estimated from vapor pressure using Clausius-Clapeyron equation 
(10) Ат 42°С (16) Calculated from gross heat of combustion 
(11) At 130?C 
(12) Forms hydrate with time 


(6) 


Pour point 


Vapor Pressure, mm Hg 


1000 
800 


600 
500 
400 


300 


200 


100 
80 


60 
50 


40 
30 


20 


10 


о ь по о 


Ethyleneamines, Vapor Pressure vs. Temperature 





Temperature, "Е 


20 40 80 120 








160 






80 


200 240 320 400 480 560 





7 P 
ва 








OHL Oo ГТ 


120 160 240 320 


Temperature, °C 


(continued) 


Table 14.61: (continued) 


Ethyleneamines, Viscosity vs. Temperature 








10000.0 
HPA X 
1000.0 AEEA 
TEPA UHP 


100.0 


Viscosity, cP 


10.0 


1.0 


0.1 | ! | 
100 150 200 250 


Temperature, 'C 


Specific Gravity, t"C/20°C 


Ethyleneamines, Specific Gravity vs. Temperature 


1.10 


1.05 


1.00 


0.95 


0.90 


0.85 


0.80 





100 140 


сәшшр 


Temperature, 'C 


6FL 


(continued) 


Table 14.61: (continued) 


750 Industrial Solvents Handbook 


Ethylenediamine Aqueous Solutions, 
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Ethylenediamine Aqueous Solutions, 


Ethylenediamine Aqueous Solutions, 


Specific Gravity vs. Temperature 


Heat of Solution at 22°C 
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Piperazine Aqueous Solutions 
Vapor-Liquid Equilibria at 760 mm Hg 
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Composition, Mole % Piperazine 


Composition, Weight % Piperazine 
Studies show evidence of a metastable freezing point in the region of 20 wt.% piperazine 
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Table 14.62: Union Carbide Ethanolamines (19) 


Typical Froperties of Union Carbide Ethanolamines 
(Determined on Purified Samples) 























Monoethanolamine  Diethanolamine Triethanolamine 
Formula Н-МСН.СН,ОН НМ(СН.СН.ОН); N(CH CHOH); 
Molecular Weight 61.08 | 105.14 149.19 
Apparent Sp. Gr. at 20/20°C 1.0179 1.09199@) 1.12580 
ASp. Gr/At at (20/30°C) 0.00078 0.00065) 0.00055 
Boiling Point at 760mm Hg, °C 170.8 2689 335.4 
at 50mm Hg, °C 101 187 245 
at 10mm Hg, °C 71 151 205 
Vapor Pressure at 20°C, mm Hg < 1 «0.01 «0.01 
Absolute Viscosity at 20°C, cP 24.1 - 9210 
at 30°C, cP 16.2 380 404 
Freezing Point, °C(°F) 10.5 (50.9) 28.0 (82.4)(9 21.6 (70.9)е 
Solubility at 20°C, % by wt 
In Water Complete 96.4 Complete” 
Water In Complete - Complete? 
Solubility in Organic Liquids at 25°C, 
% by wt 
Acetone Complete Complete Complete 
Benzene 0.6 0.03 2 
Carbon Tetrachloride 0.1 0.01 Complete 
Ethyl Ether О 0:5 2 
Heptane 0.1 0.03 <0.03 
Methanol Complete Complete Complete 
Surface Tension, Dynes/cm 48.39 48.50) 48.99) 
Refractive Index, пр 1.4539 1.474709) 1.48520 
ANp/At at 20 to 40°C per °C 0.00034 0.000279 0.00020 
Flash Point, °F 1856) 3360 4079 


АЉ нина А 


(a) At30/20°C (f) Supercooled liquid 

(b) at 30 to 40°C (g) At 30°C 

(c) Extrapolated (decomposes) (h) Determined by ASTM Method D 56, using the Tag Closed Cup 
(d) At 25°C (1) Determined by ASTM Method D 93, using the 


(e) Supercools easily 


Pensky-Martens Closed Cup 
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Vapor Pressure of Ethanolamines vs Temperature 


Vapor Pressure, mm Hg 


NOTE: 


Ethanolamines begin 
decomposing at 
temperatures above 
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decomposition at 
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Partial Pressures of Monoethanolamine in Aqueous 
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Table 14.62: (continued) 


Partial Pressures of Diethanolamine in Aqueous Liquid-Vapor Equilibria of Aqueous Diethanolamine 
Solutions at Various Contact Temperatures Solutions at 760 mm Hg 
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Table 14.62: (continued) 


Boiling Points and Condensation Temperatures of 
Aqueous Monodethanolamine Solutions 
at 760 mm Hg Absolute 
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Table 14.62: (continued) 


Bolling Points and Condensation Temperatures of 


Aqueous Triethanolamine Solutions 


at 50 mm Hg Absolute 
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Table 14.62: (continued) 
Freezing Points of Aqueous Ethanoiamine Solutions Specific Gravity of Aqueous Ethanolamine Solutions 
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Table 14.62: (continued) 


Specific Heats of Aqueous 
Monoethanolamine Solutions 


Temperature, °F 
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Diethanolamine Solutions 
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Specific Heats of Aqueous 
Triethanolamine Solutions 
Temperature. °F 
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ALKANOL AMINES 


The most important members of this group from a commercial standpoint are monoethanolamine, diethanolamine, and 
triethanolamine. Also available in commercial quantities are the aminohydroxy derivatives of nitroparaffins, which 
are 2-amino-] -butanol, 2-amino-2-methyl-l-propanol, 2-amino-2-methyl-1, 3-propanediol, 2-amino-2-ethyl-1,3- 
propanediol, and tris (hydroxymethyl) aminomethane. 


These compounds are used as emulsifiers for cosmetic lotions and creams, mineral oil and paraffin wax emulsions, textiles, 
leather dressings, cleaning compounds, polishes, and "soluble oils." They are also used in the manufacture of pharma- 
ceuticals, surface-active and wetting agents, vulcanization accelerators, photographic developers, dyestuffs, and 
resins. Having the property of absorbing acidic gases, such as H2S and CO» in cold aqueous solutions and releasing 

them when hot, these compounds suggest usefulness in gas recovery and purification. They also form the basis for chemi- 
cal synthesis. 


Table 14.63: Monoethanolamine (79) 


2(Hydroxyethy! amine 
2-Aminoethanol 
Colamine 


H4NCH4CH4OH 


Monoethanolamine is a somewhat viscous hygroscopic liquid with an ammoniacal odor. 

It is miscible with water and many organic solvents. Its molecule contains both a hydroxyl 
and an amine group, thus producing derivatives that have characteristics of both types of 
compounds. It is used as a softener and conditioning agent, and in the recovery and ex- 
traction of carbon dioxide and hydrogen sulfide from industrial gases. Its soaps with fatty 
acids are excellent emulsifiers for waxes. It is also utilized as an intermediate in the manu- 
facture of rubber accelerators and dyestuffs. 


Typical Properties and Specifications 


Table 14.64: Boiling Point Composition Curves 


Войїпщ роп{................................. 
Coefficient of expansion at 20°С........... 2. s 


. 172.» С 


0.000770 (рег“С) 


Dissociation constant at 20°C............................ 8 & 1075 
Equivalent weight... |... a 61 to 03 
Flash point (open cup)............. 0... 93°C (200? F) 
Heat of evaporization at В.Р. . 199 cal/g 
Refractive index at 20°C... ....................... 1.4539 
Specific gravity at 20 (20°C... ...... ...... 1.0180 
Specific heat at 30°C... 0.665 са!/& 
Surface tension at 20°C..................... 51 dynes/em 
Уавсовњу а, 2090... 0... 1... ....... 3.40 poises 
Vapor pressure at 20°C. 0. 0.67 mm Hg 
Weight per gallon at 20°C |... . 8.472 Ња 


Boiling range at 760 ам. 
COLOR сы ыы “улы по ла, на ва Ба и 
рН 25% Зошоп а; 25'С0.............. . ............... 
Solubility in water. нн 


for Aqueous Monoethanolamine Solutions (139) 





P£R CENT MONOETMAMOLAMINE BY WEIGHT 


г Мо less than 9075 over between 165 and 173°C 
| . Water-white 


12.1 
Complete 


Table 14.65: Viscosity of Monoethanolamine 


at Various Temperatures (19) 
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Table 14.66: Diethanolamine (2) 
Di -2- Hydroxyethylamine (HOCH4CH^5)5 NH 


When pure, diethanolamine is a crystalline, white solid which has a melting point of 28? C., 

or just above room temperature. The commercial material has a mild, ammoniacal odor. 

Like other ethanolamines, diethanolamine enters into reactions characteristic of both amines 
and alcohols; its most important property is its ability to combine directly with acids and 
acidic gases. At normal temperatures, its aqueous solutions have a strong affinity for hydrogen 
sulfide and carbon dioxide; and at higher temperatures, this affinity decreases, with expulsion 
of the gases. 


Diethanolamine finds wide use as an absorbent for acidic gases; especially for the removal, 
recovery, and concentration of carbon dioxide from flue and other waste gases as well as 
from hydrogen gas produced by cracking methane. Many industrial processes require pure 
hydrogen free of acidic gases. Diethanolamine is used to remove troublesome hydrogen sul- 
fide from sour natural gas in transmission lines and natural gasoline plants. Itis also used as 
a softening, moistening, and emulsifying agent; and in the synthesis of organic compounds by 
esterification of its hydroxyl groups. 


It is an excellent agent for neutralizing the acidity which is developed by the high percentage 
of clays used in rubber compounding, and thus reduces the curing time considerably. It is also 
used in the production of powerful synthetic detergents and in certain synthetic resins. 


Color and properties: Faintly colored, viscous liquid. 

Constants: Sp.gr. 1.0985 at 20°C./20°C.; b. p. (760 mm.) 268.0°C.; vapor pressure 
< 0.01 mm. (20°C.); flash point 280°F.; wt. 91. lbs./gal. (20"C.). Typical арссі- 
fications: Sp.gr. 1.088 to 1.095 at 30°C./20°C.; water not more than 1.5%; 
monoethanolamine not more than 2%; diethanolamine not leas than 95%; 
triethanolamine not more than 2%; color (100-mm. tube) not more than 3 
yellow and 1 red Lovibond; equivalent wt. 104 to 108; average wt. 9.08 lbs./gal. 
(30*C .). 

Miscible with water and most organic solvents. 


Table 14.67: Viscosity of Diethanolamine at Various Temperatures (79) 
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Table 14.68: Triethanolamine (2) 
Tri-2-Hydroxyethylamine (HOCH4CH5)4N 


Triethanolamine is a viscous and very hygroscopic liquid with a slight ammoniacal odor. 

It boils at 244°C. at 50 mm. (360? C. at 760 mm.) and is entirely soluble in water and 
alcohols, but only slightly soluble in hydrocarbons. lt isa mild, organic base which like 
ammonia combines with acids and acidic materials. The alkalinity of pure triethanolomine 
is somewhat less than that of ammonia, its pH being 11.2 in 2596 solution. 


Three commercial grades of triethanolamine are available: 98%, "regular", and "SP." 

These differ only slightly in physical and chemical properties from the pure compound. The 

most significant variation is in equivalent weights. Pure triethanolamine has an equivalent 

weight af 149; "regular," 140; and "SP," abaut 130. This variation is due to increasing 

amourits.of mono- and diethanolamine present in the respective commercia! grades. (continued) 
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Table 14.68: (continued) 


У 
t 


With free fatty acids, triethanolamine forms soaps in direct malecular proportions. Tri- 
ethanolamine oleate is a semi-liquid soap capable of forming solutions of marked detergent 
properties in water or in organic solvents such as gasoline. In water, triethanolamine oleate 
is soluble in all proportions; in gasoline, more than 2% soap is necessary to effect solution. 
The stearate is a hard, white product which finds use in cosmetic preparations. Only the 
98% or regular grades should be used in cosmetic products. These soaps are practically neu- 
tral, their pH being approximately 8, and are thus free from irritating effect upon the skin 
or from injurious effect on fabrics. Very stable water emulsions of almost any oil, fat, or 
wax can in general be prepared with these soaps. The usual requirements for emulsification 
are between 2 and 4% triethanolamine and 5 to 15% oleic or stearic acid, each based on the 
weight of the oil to be emulsified. Triethanolamine emulsions are distinguished by their small 
particle size, non-corrosiveness, non-valatility, ease of preparation, and wide flexibility in 
formulation with fear of separation. 


A small percentage of triethanolamine assists in the penetration of liquids into porous materials. 
Because of its pronounced hygroscopicity, it is employed as an economical softening agent, 
humectant, and plasticizing agent for such products as textiles, glues, leather coatings, as a 
penetrating agent in impregnating waod, paper, and cellulose products. Also, an ingredient 
of adhesives, rubber mixtures, and lacquers. 


Viscous, pale yellow liquid intermediate in properties between alcohol and am- 
monia; slightly ammoniaca! odor; excellent penetrating properties; forma soaps with 
fatty acids; hygroscopic. Commercial product contains 70-75% triethanolamine, 
20-25% diethanolamine, 0-5% monoethanolamine. Soluble in water, alcohol and 
chloroform. Sp.gr. 1.1204-1.1284; b.p. 360°C; vapor pressure < 0.01 mm (20°С); 
flash point 355°F; wt./gal. 9.4 lbs. (20°C); coefficient of expansion 0.00048 (20°C); 
freezing point 21.2°C; viscosity 0.10 poise (20°C). 

Typical specifications: Sp. gr. 1.1240-1.1300 (20/20°C) ; water not more than 1.0%; 
purity not more than 2.5% monoethanolamine, not more than 15% diethanolamine, 
not less than 80% triethanolamine; equivalent wt. 140-145; color (500-mm. tube} 
not more than 7 yellow and 2 red Lovibond; average wt./gal. 9.40 Ibs. (20°C). 


Table 14.69: Viscosity of Triethanolamine Table 14.70: Specific Heats of Aqueous 
at Various Temperatures (19) Triethanolamine Solutions at 21°C (19) 


VISCOSITY CENITIPOISES 


Table 14.71: Surface Tension of Aqueous 
Ethanolamine Solutions at 20°C (19) 


SURFACE TENSION OYNES PER CM. 
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Table 14.72: Viscosity of Aqueous 
Ethanolamine Solutions at 20°C (19) 
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Table 14.73: Isopropanolamines Mixed (2) 
The mixed isopropanolamines are ovailable as a liquid mixture of mono-, di-, ond triisopropanolamine. 


Uses: The isopropanolamine soaps may be employed in all uses now found for the ethanolamine soaps. 
Their excellent hydrocarbon solubility and color stability make them of special interest in soluble oils, 
dry cleaning soaps, cosmetics, and pharmaceutical preparations. Vinyl acetate resin emulsions of the 
oil-in-water type for coating fabrics and leather have excellent stability when prepared by stirring 

80 parts by weight of "Vinylite" resin AYAF (3096 solution in toluene) and | part oleic acid, into 

20 parts of water containing 0.6 to 0.8 parts of mixed isopropanolamine. 


Kerosene solubilized with 4% by weight of mixed isopropanolamine and 15% by weight of oleic acid 
produces stable emulsions with water upon mechanical'agitation. Stable water emulsions of chlorin- 
ated hydrocarbons or naphtha may be prepared by a similar procedure. The addition of about 2% by 
weight of mixed isopropanolamine has been found to improve the penetration of starch glues into 
heavily sized envelope stock. 


Purity 
Мопогвворгорапојатапе................................. 14+ 2% by wt. 
Diisopropanolamine.. .............................. 43x 4% by wt. 
Triisopropanolamine........................ ........... 43+ 4% by wt. 
бресїйс гауібу аі 20/20°С........ ....................... 1.0040- 1.0100 


Table 14.74: Triisopropanolamine (2) 
Tri -2- Hydroxyisopropy lamine (CH3CHOHCH2)3N 


This compound is a white, crystalline solid, completely soluble in water. It is used as a reactant in 
pharmaceutical syntheses. It is important in the oral treatment af syphilis. Combined with sodium 
bismuthate and propylene glycol, it produces a bismuth compound stable enough to withstand chemical 
action of the digestive system. Triisopropanolamine can be used for the preparation af casmetic creams, 
"soluble" oils, and emulsions—where the good color stability of its soaps is of interest. Formulas can- 
taining lanolin may vary in color stability. Triisopropanolamine is especially suggested for "soluble" 
white paraffin oils for the rayan industry, where good calor and low free fatty acid content are desirable. 


Boiling point (740 mm) ._...... со а ће кана ова 305.4°C 
Flashpoint зб оо вн сою дО р рн В вање 305°F 
Latent heat of vaporisation.. Ade daten tert epar TAB 
Melting рони ае па фале ака ЛО зай 46*C 

pH 25% Solution at °C... .. ...... .................... 10.7 
Equivalent weight... ..... ..... ..... ............... 188-192 
Зрес с дгауЧу ак 50/20" С. пн ........ 0.9996 
Solubility in water at 200C. нн . Complete 
Solubility of water in amine... ............................ Complete 
Vapor pressure at 207С...................................... 0.01 mm Hg 
Weight рег даЇЇоп а{ 50°С.................................... 8.32 lba. 


Table 14.75: 2-Amino-2-Methyl-1-Propanol (2) 


CH3C(CH3)NH2CH2OH 


This is a water-white, syrupy, alkaline liquid, with a faint ammoniacal odor. It is saluble 

in water and many organic solvents. it forms soaps with higher fatty acids and these are useful 
as emulsifying agents in textile and leather materials, water-emulsian paints, and self-polishing 
waxes. 


Boiling point (760 mm). ........ .... ......................... 165°C 
Melting poiùt о о ов o і а A 25°C 
Зресићењу дЕауЦу....................................... ПЕТИ 0.934 

pH (0.1 M solution ме 20'С..................................... 11.27 
Воарику за 100 се жаќег...................................... Complete 
Vapor pressure at 20°С........................................ 1.0 mm 
Flash point (Tag. open сир)............................ оби 153°F 
Refractive index at 20°C... пп. ЕТТЕРІ 1.449 


Weight per Galion at 68К нон 7.77 lbe 
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Table 14.76: 2-Amino-2-Methyl-1,2-Propanediol (2) Table 14.77: 2-Amino-2-Ethyi-1,3-Propanediol (2) 


CH,OHC(CH4)NH5CH; OH 


Boiling point at 10 тт........................................ 151°C 
Ме пр рошв нн IDEA EE а ви 2... 109-111%С 
pH (0.1 M solution) ас 20РС........ . ................... .... 1.78 
Solubility in 100 се жаќег................................ T 250 grama 
Table 14.78: 2-Amino-1-Butanol (2) 
МН? 
| 
СНЗСН2СНСЊОН 
Воја рот ак 760 пт.......................................... 178"С 
Flash point (Tag. ореп сир). ....... ............................ 164°F 
Melting Ро ће od p кара РА ао —2°С 
11.1 


рН of 0.1M aqueous solution at 20°C....................... дано 
Specific втауііу ви 20?/207С...................................... 0.944 
Solubility ја жаќег ас 20"С............................... Completely Miscible 
Vapor pressure at 20°C (est) 0.5 mm 
Refractive index at 20°C 


Table 14.80: 2-Aminoethylethanolamine (2) 


Hydroxyethyl Ethylenediamine 


NH2CH2CH2NHCH2CH2OH 


This compound is a hygroscopic liquid with a 
mild ammoniacal odor; it is completely soluble 
in water. lt is used in the manufacture of dyes, 
pharmaceuticals, textile specialties, flotation 
agents, resins, insecticides, and rubber 


products. 


Boiling point at 700 тт..................................... 243.7°С 
Flash р Арена она 275°С 
Specific gravity at 20/20°C........ Балға Но вара кана не c dest 1.0304 
ВощыЫШу 11 чм Г........... неее веиьсьнь, Complete 
Solubility of water in solvent................ у. Complete 
Vapor pressure at 20°C..... іо ка адмі a Ree ракети 0.02 mm Hg 
Weight per gallon at 2°C...... eee 8.58 Ња. 
Војле гапќке а. 760 ттп..................................... 232-250°С 
99%, min 


Purity...... rv cp Ерна даа» 


СН2ОНС(С2Н5)МН2СН2ОН 
Во па роп в\ 10 тм............. 189.0 
Flash point (Tag. open cup)................................. 166°F 
Меїйпя роїпі о 37.5 to 38.5" С 
pH of 0.17 M aqueous solution at °C... ...... 10.8 
Solubility in water at 200C.... .......................... Complete 
Вресте вгауцу ас 20/20"“С................................. 1.099 
Refractive зпдех ас 202С. .. ............... a 1.490 

9.15 Ња 


Weight per gallon at 68°F............... Spree Wanda eta as ба 


Tabie 14.79: Tris(Hydroxymethyl)Aminomethane (2) 


NH; 
CH,OH - CCH,0H 


CH4,0H 


Boiling point at 10 mm 219 to 220°C 
Melting point. .... .... ........................... 171 to 172°C 

pH of 0.1M aqueous solution 24 20°С................. 10.4 

Војарику їп абег ас 2Р"С........................... 80 grams per 100 mi 


Table 14.81: 1-Diethylamino-2,3-Propanediol (2) 


(Со Не), МСНАСНОНСЊОН 


This alkylol amine is o water-white to light-straw 
liquid with a faintly ammoniacal odor. It is sol- 
uble in water, methyl! alcohol, ethyl ether, ethyl, 
acetate, acetone, aromatic hydrocarbons, fixed 
oils, oleic and hot stearic acids, and hot carnauba 
wax, the latter solidifying when cooled. it is in- 
soluble in mineral oil and paraffin wax. 


ВоШпщ гапде................................................ .. 233-235°С 
Flash рова ал ои іо рада да раді и рам ај а 210°F 
0.973 


Specific gravity ае 20/20“С..................................... 


Table 14.82: Aminohydroxy Compounds (34) 


Product Specifications 
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г отету тл EE Tris(hydroxymethyl)&minomethane 
AMP TRIS AMINO TRIS AMINO 
Веда" АМР-95 АЕРО Crystals 40% Concentrate 
Neutral equivalent ........ 68 5-91 93.97 121.5 * 121-122 = 
Water, % by м (так.)..... 0.8 58 3.6 05 man 
Melting point, "C (min.) .... — — ~ 160 — 
Color (max.) ........ dede 20 APHA 20 APHA 2 Gardner — 5 Gardner 
Color of 20% aqueous 
solution (max.) ......... - - — 40 АРНА — 
Distiliation range. 'C ...... 156-177 — -- ~ = 
Nonvoiatile matter. % 
бу мі (тах) ........... 0.005 0.005 - -- == 
Amine assay by titration, | 
calc. as % TAIS AMINO... — — — — 40 + 2 
*Anhydrous bas;s (mas ) 
Physical Properties of Purified Materials 
2-Amino-2-methyl- 2-Amino-2-ethyk — Tris(hydroxymethyl)- 
1-propano! 1,3-propanediol aminomethana 
ие ин |" 
Formula viscerum "ен РОН НЕТ 
CH, сн, снон 
Мојесија7 мед (сајсд.) .......................... 89.14 319.17 321.14 
Волта рот а: 760 ттно. “С ..................... 165 — —. 
Boiling point at 10 mmHg, *C ..... ee. - 152-153 219-220 
Melting рот. “С ................................ 30-31 37.5-38.5 171-172 
бреси с дгауйу ат 40/40"С ............. .. ....... 0.928 1.101 -- 
рн ої 0.1М адиеоцѕ ѕо!оііоп аї 20°С ................. 41.3 10.8 10.4 
Solubility in water at 20°C. 9/100 mi......... або miscible miscibie 80 
Weight pergalion at 20°C, tb... нн 7.78 9.15 — 
РК. 25*С аза јаве вара eee ЫЙ 8.72 8.80 8.03 
Additional Properties of AMP 
AMP Regular  AMP-95 
Viscosity а110'С.ер................................................. — 561 
29'C Cp ао — 147 
Сер оса дни ea Е 102 — 
S0 €. €B е ее и 24 -- 
70"С ер: а сре ба. 9 -- 
БӘС арфа ру лі 4 - 
Уарог ргеввите 81 100"С, ттНО ....................................... 59 -- 
ОО Пон 457 — 
Specific ргаупу ат 25/25"С .......................................... — 0.942 
Согистот оѓехрапзтоп рег "С ..... .................................. 0.00095 0.00096 
Fletractive index, mo. at 20°C 3... .......................... 1.449. -- 
Неат о? чаронганњоп а! 110"С.кса!гтоте ..... .......................... 13.2 - 
130°C, kcal/mole ..._.. па тирани Дата Sng ТА оно 12.5 — 
150°C. kcal/mole... ..... .................... 12.3 — 
165°C., ксаутоје ................................ 121 — 
Heat of dissociation at 25°C, kcal/mole ..... ....... ИНЕ 12.9 — 
Table 14.83: 2-Diethylamino-2-Methyl-1-Propanol (34) 
on 
--С--СН-ОН 
ОМАМР-80 ерата 
N(CH3; 
Specifications Typical Properties 
ОМАМР, % Бу мӣ....................... 78-82 | ОМАМР-80 
Ки ти amine) на Neutral equivalent.................... ~ 148 
о, АРНА......................... тах. бреси! ; 
9 pecific gravity at 
Water, % бу м\........................ 18-22 а Оона. 0.95 
Weight per gallon 
а125°С......... знову древо БЫ 7.9 Ib 
Flash point, 
Тад ореп сир....................... 150 Е 
Tag closed cup...................... 153?Е 
Егеегіпд роіпі......................... ~ 20°C 
Boiling point at 
760 титна........................... ~ 98°C 
Viscosity at 25°C, 
Gardner...... Ра А-А, 
pH of 0.1 N aqueous 
SOlUtiION re" 11.6 


АРНА сојог (тах.)..................... 100 
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ALKYLALKANOL AMINES 


This group of compounds, also referred to as alkylaminoethanols, have less odor than most alkylamines and possess both 
water and oil! solubility. The solubility degree of each is determined by the number of alkyl or hydroxyl groups present 


in the molecule. 
groups gives greater oil solubility. The derivatives of these compounds are of particulor interest. 


A larger number of hydroxyl groups gives greater water solubility, whereas a predominance of alkyl! 


They form soaps with 


fatty acids which may be employed as emulsifying, penetrating, and wetting agents, and these uses can also be applied 


to the ester and acid amide derivatives. 


Table 14.84: Properties of Various Alkylalkanol Amines (2) 


Dimethylethanolamine [((CH;),NCH;CH;OH]. Dimethylethanolamine is 
a water-white Jiquid with an amine odor. It resembles diethylethanolamine 
in chemical behavior and it is used as an intermediate in the synthesis of 
corrosion inhibitors, dyes, pharmaceuticals, and textile auxiliaries. 


Boiling point... oss балаға E pate tk oe sks KOERTE TN 133°C 
Equivalent weight.. . . плена авва занимати на е ваза НЕ 

Specific Gravity at 20/20°С.. азам . ТА 222222222. 0.887 
Refractive index.. We a ease nate р od as 2222..2.2...... 1,4300 


Diethylethanolamine (Diethylaminoethanol, (C,H,4NC;H,OH). Di- 
ethylaminoethanol is a water-white, hygroscopic liquid which behaves 
chemically like the tertiary amines and alcohols. It is soluble in water, ethyl 
alcohol, methyl alcohol, ethy! ether, ethyl acetate, acetone, aromatic 
hydrocarbons, fixed oils, mineral oil, oleic acid, hot stearic acid, and hot 
paraffin and carnauba waxes, the last two solidifying when cooled. It is 
used in the manufacture of certain pharmaceuticals, such as procaine and 
"atabrine". It forms amine soaps with higher fatty acids, which are oil- 
soluble and useful as emulsifiers and textile lubricants. Its mild alkalinity 
makes it applicable as a neutralizing agent and a corrosion inhibitor. 


Di-n-butylethanolamine (Di-n-Butylaminoethanol, (C,H ;NCH4CH,- 
OH). This alkylolamine is a water-white liquid with a faintly amine odor. 
It is insoluble in water but soluble in ethyl alcohol, methyl alcohol, ethyl 
ether, ethyl acetate, aromatic hydrocarbons, fixed oils, mineral oil, oleic 
and hot stearic acids, and hot paraffin and carnauba waxes, the latter two 
solidifying when cooled. It is slightly soluble in paraffinic hydrocarbons. 


n-Butyl diethanolamine [C,H »N(CH;CH.OH),]. This alkylol amine is a 
light straw-colored liquid with a faintly amine odor. It is soluble in water, 
ethyl alcohol, methyl alcohol, ethyl ether, ethyl acetate, acetone, aromatic 
hydrocarbons, castor oil, oleic and hot stearic acids, and hot carnauba 
wax, the latter solidifying when cooled. It is insoluble in linseed and cotton- 
seed oils, mineral oil, and paraffin wax. 


n-Butyl monoethanolamine (C,H,NHCH;CH;0H). This alkylol amine 
is a water-white liquid with a faintly amine odor. It is soluble in water, 
ethyl alcohol, methyl alcohol, ethyl ether, ethyl acetate, acetone, aromatic 
hydrocarbons, fixed oils, oleic and stearic acids, and hot carnauba and 
paraffin waxes, the latter two solidifying when cooled. It is only slightlv 
soluble in paraffinic hydrocarbons. 


Ethyl diethanolamine (C;H,N(CH.CH,OH),]. Ethyl diethanolamine is a 
water-white liquid with an amine odor and soluble in water, ethyl alcohol, 
methyl alcohol, acetone, aromatic hydrocarbons, some fixed oils, oleic and 
hot stearic acids. It is insoluble in linseed and cottonseed oils, mineral oil, 
paraffin and carnauba waxes. It is only slightly soluble in paraffinic hydro- 
carbons. 


These amines also serve as intermediates in the manufacture of drugs and dyes. 


(continued) 
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Table 14.84: (continued) 


Ethyl monoethanolamine (C;H,NHCH;CH;OH). This alkylolamine is a 
colorless liquid, with an amine odor. It is soluble in water, ethyl alcohol, 
methyl alcohol, ethyl ether, ethyl acetate, acetone, aromatic hydrocar- 
bons, fixed oils, mineral oil, oleic and stearic acids, and hot carnauba and 
paraffin waxes, the latter two solidifying when cooled. It is only slightly 
soluble in paraffinic hydrocarbons. 


Tetraethanolammonium hydroxide [(N(C,H,OH),0H]. This solvent is a 
white, crystalline, strongly basic solid, completely miscible with water. 
The commercial product is an aqueous methanol solution in which 40 to 
41 рег cent of this solvent is present. Although aqueous solutions of this 
solvent are stable at ordinary temperatures, it will decompose when 
heated to weakly basic tertiary amines. This property is utilized in proc- 
esses where it is desired to destroy a strongly alkaline substance which is 
no longer needed. Tetraethanolammonium hydroxide is also a good solvent 
for certain types of dyes. 


CONOR Во ада дын White 
Оевсг1їрНоп............................................. Crystalline solid 
Ме!йпд рой{........................................... 123*C 
Војарицу іп жаќег...................................... Complete 
Solubility of water in solvent............................ Complete 
Vapor presaure at 20“С.................................. 0.01 mm 
TS Meeorthasolamine  Disthasclamise 
Color Water-white Water-white Water-white 
Specific gravity at 20°/20°C. 0.88-0.89 0.92 1.02 
Minimum smine content 99.5% 98.5% 98.5% 
Initial boiling point 158°C. 161°C 245°C. 
Fina! boiling point 163°C. 174.5°С. 260°C. 
Fiash point 135*F. 160*F. 255*F. 
Solidification point < —70*C. —8.8*C. -50“С. 
Refractive index at 20°C. 1.440 1.444 1.466 
Viscosity at 25°C (centipoise) 4.05 12.40 53 
Viscosity at 60°C (centipoise) 1.50 3.22 11.2 
Coefficient of expansion per °C. 0.0012 0.00091 0.00080 
Theoretical molecular weight 117.19 89.14 133.19 
Average weight per gallon 7.36 lbs. 7.06 lbs. 8.5 lbs. 
REI ВИ, Didi ы 
Color Water-white Water-white Water-white to 
Light Straw 
Specific gravity at 20°/20°C. 0.860 0.89 0.97 
Minimum amine content 98.5% 96.0% 95.0% 
Initial boiling point 222°C. 192°C. 262°C. 
Final boiling point 234°C. 215°C. 290°C. 
Fiash point 20°F. 170°F. 25°F. 
Solidification point <-70“С. —8.5*C. <--70“С. 
Refractive index at 20°C. 1.444 1.444 1.462 
Viscosity at 25°C (centipoise) 6.50 17.4 55 
Viscosity at 60°C (centipoise) 1.94 4.02 10.6 
Coefficient of expansion per °C. 0.00114 0.0010 0.00077 
Theoretica! molecular weight 173.29 117.19 161.24 


Average weight per gallon 7.16 158. 7.44 158. 7.25 lbs. 
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GLYCOL ETHER AMINES 


Table 14.85: Properties of Various Glycol Ether Amines (47) 


Amine Methoxyethy! | Dimethoxyethyl Ethoxyethyl Diethoxyethyl Methoxyisopropy! 
СНз 
Formula CH30C2H4NHs (CH30CaH,)2NH CsHsOCsH,zNH2 (СНзОСеН,) МН | СНЬОСНаСН МН» 
Molecular Weight 75 155. ^ 89 161 89 
Boiling Point, °C. 91 172 107 194 98 
Байт -- 1.0 i 0.5 => 
пр at 25°C. 1.4058 1.4190 1.4086 1.4205 1.4038 
Specific Gravity 0.89 0.91 0.85 0.88 0.84 
РКЕ | 4.62 5.49 7.74 5.53 4.60 
Flash Point, °F. 60 155 70 185 60 
Formula (СаНе)г КН — (CH30CH2CH2)2NH  (HOCHaCHa) „МН 
Molecular Weight 129 155 105 
Boiling Point, °C. 160 172 270 
Vapor Pressure, 
(20°C.) 1.9 1.0 <0.01 
Freezing Point, °C. -62 <-40 28.0 
Specific Gravity 0.76 0.91 1.09 
pK, 2.7 5:5 5.2 
% Solubility in 
H20 at 25°C. 0.47 СО со 
СНаОСНСН( СНа) O- 
Formula C4HgCH( C2Hs) CH2NHe CHə2CH( CH3) NH2 
Molecular Weight 129 147 
Boiling Point, °C. 169 175 


Vapor Pressure, 


(20°С.) 1.2 1.0 


Freezing Point, °C. -- -- 


Specific Gravity 0.79 0.85 
pK, 5.2 4,8 
96 Solubility in 


H20 at 25°C. 0.25 со 


ARYL AMINES 


Table 14.86: Aniline (2) 


Aminobenzene 
Phenylamine 
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СеН5 МН 


Aniline is a colorless to straw-colored, toxic, highly refractive, oily liquid having a 
characteristic odor. It is soluble in ethyl alcohol, ethyl ether, carbon tetrachloride, 
and only slightly soluble in water. It is used in. the production of such materials as 
indigo, aniline black, tetranitraniline, acetanilide, explosives, dyes, rubber chemicals, 


and pharmaceuticals. 


Boiling point 

Flash point 

Freesing point 

Melting point 

Specific gravity at 25/25°C 
Solubility in water at 25°C 
80°C 

Weight per gallon at 25°C 
Boiling range 


Nitrobenzene 


Table 14.87: Dimethylaniline (2) 


184.2°С 
70°С 

—6.3*C min. 
—6.2*C 
1.021 


1.5°С 
95% distilla within 1.0°C 
None 


C&H5N(CH3)2 


Dimethylaniline is a pale yellow, highly refractive, toxic, oily liquid with a pungent odar. 
It is soluble in ethyl alcohol, ethyl ether, and carbon tetrachloride, but only very slightly 
soluble in water. It is used in the making of dyes and the explosive tetranitroaniline ("Tetryl"). 


Boiling point 

Freesing point 

Specific gravity at 25/25°C 
Weight per galion at 25°C 
Boiling range within 


Color 
Monomethylaniline 


Table 14.88: Diethylaniline (2) 


2.0°C 

95% distills within 1.0°C 
Yellow to amber 

0.5% max. 


CeHsN(C2Hs5 )2 


Diethyloniline is a light-yellow, oily, toxic liquid with a pungent odor. It is soluble in 
ethyl alcohol, ethyl ether, and carbon tetrachloride, but only very slightly soluble in 
water. It is used in the preparation of dyes, pharmaceuticals, and other organic compounds. 


Boiling range 

Freezing point 

Specific gravity at 25/25°C 
Weight per gallon at 25°C 
Aniline 

Boiling range 


Color 
Monoethylaniline 
Purity 

Water 


216.3°C 

—34 4*C 

0.933 

7.76 Ibe. 

None 

5-9595 within 2.5°C 
Boiling range includes 216.3°C 
Light yellow 

0.2% max. 

99.895, min. 

No visible separation 
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Table 14.89: N-Mono-n-Buty! Aniline (2) 


СеН5 МНС4НФ9 


This secondary amine is a light straw to amber-colored liquid with an aniline odor. It is 

insoluble in water but soluble in ethyl alcohol, methyl alcohol, ethyl ether, ethyl acetate, 
acetone, aromatic and aliphatic hydrocarbons, fixed oils, mineral aif, oleic acid, and hot 
steoric acid. lt is also soluble in hot paraffin and carnauba waxes which solidify upon coaling. 


Flash point 225°F 
Specific gravity at 20°C 0.93 
Refractive index at 20°C 1.5351 
Weight per gallon at 20*C 7.71 Ibs. 
Boiling range 234-242°С 
Purity 95%, min. 


Table 14.90: N,N-Di-n-Buty! Aniline (2) 


C6H5 N(C4Ho)2 


N, N-Di-n-Butyl aniline is a light-straw colored liquid with a faintly aniline odor and is 
soluble in ethyl alcahol, aromatic hydrocarbons, ethyl ether, ethyl acetate, acetone, fixed 
oils, mineral oil, oleic acid and hot stearic acid. lt is insoluble in water, methy! alcchol, 
and while soluble in hot paraffin and carnauba waxes, these salidify when cooled. 


Flash point 230*F. 
Specific gravity at 20*C 0.904 
Refractive index at 20°C 1.5197 
Weight per gallon at 20°C 7.53 lbs. 
Boiling range 267-275°C 
Purity 95%, min. 


Table 14.91: n-Monoamyl Aniline (Mixed Isomers) (2) 


СНЕ МНН! 


n-Manoamy! aniline is a mixture of isomers. It is a light-straw colored liquid with a faintly 
aniline odor. It is insoluble in water but soluble in ethyl alcohol, methyl alcohol, ethyl 

ether, ethyl acetate, acetone, aromatic and aliphatic hydrocarbons, fixed oils, mineral oil, 
oleic acid, and hot stearic acid. It is also soluble in hot paraffin and carnauba waxes which 


solidify an cooling. 


Flash point 225°F 
Specific gravity at 20°C 0.92 
Refractive index at 20°C 1.5285 
Weight per gallon at 20°C 7.64 lbs. 
Boiling range 245-260°С 
Purity 95%, min. 


Table 14.92: p-tert-Amyl Aniline (2) 


CH} 1CgH4NH> 


p-tert-Amy! aniline, an aryl amine, is a straw to deep red=colored liquid with a faintly 
aromatic odor. It is soluble in methyl alcohol, ethyl! ether, ethyl acetate, acetone, aro- 
matic and aliphatic hydrocarbons, fixed oils, mineral oil, oleic acid and hot stearic acid. 
It is insoluble in water and while it dissolves hot carnauba and paraffin waxes, these solidify 
on cooling. | 


Flash point 215“Е 
Specific gravity at 20/20°C 0.948 
Boiling range 253-259°С 
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Table 14.93: Di-tert-Amy! Aniline (2) 
(C5H 112 CgH3NH2 


Di -tert-amyl aniline, an aryl! amine, is a red-colored, almost odorless liquid, soluble in 

ethyl ether, ethyl acetate, acetone, aromatic and aliphatic hydrocarbons, fixed oils, mineral 
oil, oleic acid and hot stearic acid. It is insoluble in water and methyl alcohol, and dissolves 
hot carnauba and paraffin waxes, which solidify when cooled. 


Flash point | 265°Е 
Specific gravity at 20/20°C 0.923 
Boiling range 289-331"С 


Table 14.94: N,N-Diamy! Aniline (Mixed Isomers) (2) 
CgH5N(C5H11) 


N, N-diamyl aniline is a dark-amber liquid with a faintly aniline odor. It is insaluble in 
methyl alcohol and water, but soluble in ethyl ether, ethy! acetate, acetone, aromatic and 
aliphatic hydrocarbons, fixed oils, mineral oil, oleic acid, and hot stearic acid. It is also 
saluble in hot carnauba and paraffin waxes, which solidify on cooling. 


Flash point 200^F 
Specific gravity at 20/20°C 0.898 
Boiling range 276-292%С 


Table 14.95: Diethylbenzylamine (2) 


СНС, МО, Н,), 
Diethylbenzylamine is a colorless liquid with an almond-like odor. It is soluble in ethyl and 
methy! alcohols, ethyl ether, ethy! acetate, acetone, aromatic hydrocarbons, fixed oils, min- 
eral oil, oleic acid and hot stearic acid. It is insoluble in water and while soluble in hot paraf- 
fin and carnauba waxes, these solidify on cooling. 


Flash point 170°F 
Specific gravity at 20°C 0.890 
Refractive index at 20°C 1.5002 
Weight per gallon at 20°C 7.41 Ibe. 
Boiling range 207-215*C 
Purity 97%, min. 


Table 14.96: N-(n-Butyl) -a-Naphthylamine (2) 
C19 H7 NHC4Ho 


This solvent is a dark-red liquid with a faintly amine odor. It is a solvent for methyl alcohol, 
ethyl ether, ethyl acetate, acetone, aromatic and aliphatic hydrocarbons, fixed oils, mineral 
oil, oleic and hot stearic acid. It is insoluble in water, and soluble in hot paraffin and carnauba 


waxes which solidify on cooling. 


Flash point 295 Е 
Specific gravity at 20/20°C 1.012 
Boiling range 318-325°C 
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Table 14.97: Ethylene imine (23) 
CH,—CH, 


H 


Ethylene imine is a colorless mobile liquid having an amine-like odor, with the above structure. 


Мо!есчіст Меаһ!......................... 43.07 
белвйу, ат. ті. --10%С................... 0.865 
з плаве и EYES Cu 0.856 
ШІЛ. уалы ыл 0.846 
оо ау 0.832 
ВОЛЯ РЕ Пе ита а 57 
Ктеетїпд Рот!, °С......................... --78 
Index of Refraction, пра! УУ С а рони, 1.4123 
Узсозйу, ср. а!25° С...................... 0.418 
Surface Tension, дупеѕ ст. .................. 32.8 
ЕазН Роіпі, 98. ,.......................... 12 
Heat of Formation, Kcal., mole ............... 21.95 
Heat of Vaporization, Keal. ‘mole at 20°C. ...... 7.9 
Оіззосіаїіап Сопиат ...................... 7.8 x 107 


Table 14.98: Propylene imine (41) 


Molecular Weight 
Density, g. /ml. 
259С. 
35°C, 
45°С. 
МА/ 4м, к./т|. рег °С. at 25°C. 
Boiling Point, °C. at 760 mm. Hg 
ZNB.P.//Np, 9C. per mm. Hg at 760 mm. Hg 
Vapor Pressure at 259C., mm. Hg 
Refractive Index, Np at 259C. 
Absolute Viscosity, centipoises at 25°C. 
pKa at 25°C. 
Heat of Vaporization at 66°C. and 1 atm, cal. per g. 


Integral Heat of Solution of P.I. in water, 5 wt. % 
P.I. final conc., kcal./mole 


Heat of Vaporization at 66°C. and l atm, BTU per lb. 
Solubility: 


=] 
Water | 


Polar organic solvents 





Pentane | 
—À 


57.09 


0.8017 
0.7908 
0.7811 
0.0011 
66.0 
0.038 
140 
1.4084 
0.491 
8.18 


139 


Soluble 
іп all 


Proportions 


Amines 773 


AMIDES 


Table 14.99: Formamide (1 1) 
HCONH) 


Formamide 15 а water-white to light yellow, hygroscopic liquid. It is miscible in all proportions with the 
lower alcohols and glycols, but is insoluble in hydrocarbons, chlorinated solvents and ethers. Its high 
dielectric constant is an indication of its high ionizing power. 


Formamide dissolves many metal chlorides, iodides, nitrates, phosphates, and some carbonates and is less 
soluble in sulfates and oxides. Proteins, saccharides, and palyvinyl alcohol! dissolve or soften in formamide. 
Cellulose will swell in formamide as it does in water. Formamide is a nonaqueous solvent for electrolytes 
due to its ionizing solvent action on numerous inorganic salts. 


AVERAGE ANALYSIS 
Рогтапидје, %....................... 98.5 
Метапо!, 99 ......................., 1.0 
Color (as shipped), APHA .............. 7 
PHYSICAL PROPERTIES 
Мојесшагмећ .................... 45.04 
Вонтр рони“ (760тт), °С............. 210 
Е ааа 410 
Егеедпррот, "2 ................... 2.6 
Де У Р аи лана 36.7 
Specific gravity, 25°/4°C (77° /39°F)..... 1.1339 
Density, Ib/gal, 60°F (15.6°C) .......... 9.5 
Кефгасіме іпаех, М9 ................. 1.4481 
Surface tension, dynes/cm, 20°C (68°F) .. 58.35 
Viscosity, cp, 20°C (68°F) ............. 3.76 
Dielectric constant, 20°C (68°F)......... 84 
зојибућу рагатегег .................. 19.2 
Hydrogen bonding index ............. >16.2 
Specific conductance, ohm-', 25°C (77°F) 18.9 х 10-5 
Specific heat of liquid, cal/g, 19°C ....... 0.55 
Btu/|lb, 66°F ...... 0.99 


Latent heat of vaporization, cal/g, 210°C . .400 
Btu/Ib, 410?^F .720 
Flash point (TOC), ?ЗЕ................. 310 


Table 14.100: Dimethylformamide (77) 


DMF (CH), NCH—O 


DMF, dimethylformanide, is a uniquely versatile ond powerful solvent with the following general properties: 


Арреагапсе ................................ Colorless, mobile liquid Flash point, T.0.C., °C ............. тате те 67 (153°F) 

Molecular weight ...... up Sou apa d Mc eiut 73.09 Ignition temperature, "С ...................... 445 (833°F) 

Boiling роіпі, 760тт, °С .,................... 153 (307?F) Flammability limits in air 

Freezing point, "С ........................... —61 (-78?F) OWE аи IG dar Wo EN CET EROR A 2.2 vol 96 

Specific gravity 09/4"С ....................... 0.9683 иррег ................................. 15.2 val % 
АЗАС соо оао га 0.9445 Dielectric сопѕїапе, 25°С ................... ...36.71 

Пепзну, 155 /за!, 20°С ................. я 7.92 Dipole moment, 209C ........................ 3.82 Debye Units 

Refractive index, Nv25°C .......... esae Rte 1.4269: Hygroscopicity, 30°C (300 hrs @ 50% ЕН) ..... 34% gain 

Vapor pressure, 259С........................ 3.7mm Relative evaporation rate (butyl acetate = 100) ...17 

Viscosity, 25°С сіра 0.802 ср ЗошЬИМу. рагапииег .................. ...... 12.1 

Surface tension, 25°C ........ апр Medie ire i 35.2 dynes/cm Ionization сопяали ( @ 20°С) ................. 10:% 

Specific һейі/ (Іші, 209С)................... 0.49 Btu/lb/°F Azeotropes: 

Heat of vaporization ........................ 248 Btu/lb DMF (18.7 wt 9%), р-хуіеле (81.3%) ........... 135.1°C at 760mm 

Неас ов сотризбоа ........................., 457.5 kg cal/gm mol DMF (69 wt % ), богтіс асід (31 ма 96). ........ 162.4°C at 760mm 

11,280 Btu/lb DMF (7 wt 95), tetrachlorethylene (93.0 wt 95)....117.5?C at 730mm 
Thermal conductivity (at 23.5°C) .............. 440 cal/sec cm^C 


(continued) 
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Table 14.100: (continued) 


Evaporation Rate 


Atmospheric conditions ... 


% Evaporation Time, Hours 
нео 8 
ӨО; Еу rH E s а. e asmia A0 
ВА ЖК а И ГЕ о. 34 
Он тене У 44 


Heat of Mixing DMF-Water ... 


Temp 30°C... 


кш Ко Flash out Нер! 
ede ur на но о e eei Ur m ue eerie c 
ТОО Н аА ТЭ а 150 
О оО о енеси ВО а ох 170 
Оа а т сб а 215... ..230 
65 210 а а 225 
БО аи а атар равна oder 2 NONE. none 
SU en Aa ал ызыны. попе................ попе 


DENSITY (G./CU.CM) 


Wt % DMF in Aqueous Solution Btu/tb DMF 
n————— "ÁO aea o aaa 

о A ale hes hte сви ..89 

нава б Cei Ret EA acte me pelea A iS 82.5 

LETT 75 

eo es idi dnd ure stessa prona pda Мок 73.5 

аа ада қашар миро ори uii fent eic AE 70 

ВО ао ааа оо Бетон 66 

c m ioe errata EET ee 64 


Flash and Fire Point of DMF Water Solutions ... 

















EE sic 
Up spud dace 

ЕЕ ЕЕ ЕЕ В 
pups sean 

5656 аа арр 
212 Ете Е рева 

65588 _ лы 
| ть Ed. а 

ова А Ме еј ДЕ 
КМАТ АДАМА ||| sso 

sion EX sqq | 
«РІТІТ РМ. T 

ассос Nulli 
ECT T aus 

59566 HN 
Lit tt tN 4000 

0.9400 РТ 
[ТЫ зоо 

[pr ES EE d 

ыр ы 

о 10 20 30 40 60 70 80 90 100 


SURFACE TENSION (DYNES /CM.) 


Table 14.102: Semi-Quantitative Solubilities of Inorganic Materials in DMF at 25°C (77) 


Cellulosic Cellulose nitrate | . S 
Cellulose acetate... 5 
Solubility Solubility Cellulose acetate butyrate. 5 
Sait g/100g DMF Salt 8/1006 ОМЕ Cellulose acetate propionate. | | 5 
Cellulose triacetate. 20 M PS 
AgBr 0.03 LiH 0.7 Ethyl cellulose. | S 
AgCI 0.01 MgCl; moderate Cyanoethylated callutose ore haar а T 28 
Agi 0.04 MgSO: 0.13% Chiorinated Polyether (‘‘Penton''—Hercules Powder) m | | 
АІС), reaction MnCk - 44,0 15 Nylon (polyamides) Types 6/6, 6, 6/10 | 
АКМО) • ЗЊ:О 20 NaB(OCH)), 77.8 Type 8 (Belding- Corticelli industries; в. С.Е 5 
Ве(МО:), . ЗН:О 20 NaBH, 25.5" Polyethylene...... ee, ! 
CaCl: Approx. 0.5 масно; 0.03 Polypropylene... ооо о e nun М 
Са 0.05 масњо; - 3H;O 1.5 Polycarbonate преки General Electric Company. кед мања "У 
Ca(NOs): » 4H20 20 NaC! 0.05 Fluorocarbons Polytetrafluoroethylene ("Teflon"*).. . |. |... | 
CaSO, - 2H;0 1.2" NaCN 0.76 Styrene Polystyrene... | peas 5 
Cd(NO3; 20 NaCNO 0.05 Styrene-acrylonitrile Өрттө: (Tyri 767— —Dow). зал 5 
Co(C:H3:0)): - 4Н:О 20 NaCNS 29.2 Міпу! Polymers 
Сос! « 6H:0 20 Ма, СО 0.05 and Copolymers Ројумтпу! сћопде ................... |. | |. 5 
Co(NOy); * 6H;0 20 Na;Cr;O: - 2H;0 20 Polyviny! chloride-acetate... о 5 
CoSO, - 7H;0 slight Na;Fe(CNX(NO) * 2H;0 25 Polyvinyl alcohol. S 
CrCl; - 6H;O 40 Na:H PO. 0.05 Роіуміпу! бибуга! С "Вщасие"#--Оу Pont). S 
Cu(C:H:0:) Slight Nal 14.4 Vinylidene chloride/vinyl chloride copolymer 
CuCh - 2H;0 15 мано, 0.05 (Сеоп 200х20) .............. " S 
Cu(NOs); - 3H;O 20 Мамо, 20 ear Bile ди chloride de copolymer . | 
CuSO. 18 NaNO, 15.4 Рогужпу! асеќаќе................ 5 
FeCls 20 NaPO, 0:05 Polyvinyl formal. S 
Fe(NOy» « 6Н:О Е Na2S20s 0.08 Polyvinyl fluoride... у. tae ies 5 
FeSO. + 7Н:0 slight NH.Br 12.7" Polyesters Saturated ("Mylar"*),. у. | 
НЕСІ; 25 NH.C:H30: 0.1 Акуа. m S 
Б 25 МН.СІ 0.1 Phenolic Phenol- tármaldehydes pure resin.. 0 S 
квн, 1.2 NH.CNS 15.2 Ester gum modified phenol-formaldehyde.. . 5 
KC2H:02 0.09 (NH4)2COs 00% Urea formaldehyde... ... ss. | 
KCI 523 NHNO; за Thiourea formatdehyde 00 5 
KCN 0.22 місь > 6Н:0 ? Соитагопе Соитагопе-пдепте. |. . |. 5 
КСМО 0.12 мкмо,) . бН:О 20 Natural Garnet shellac.... 0... __ 5 
KCNS 18.2 Pb(CiH30;); - 3H;O 1.5 Огапе зћећас........ ................... ... PS 
КРе(СМА 0.05 РЫ(НСО:) 2 Ester gum... ou .... .. ls 2 S 
KI 23 | PbO 03 Касос ра ока a 5 
KMnO; реасног PbS 0.15 Manila copal.. .... .... 5 
KNO; 0.7" PbSO. ea Esterified congo copal.... . Врана «ae | 
KNOs 1.5 *Urea increases solubility: МООС теб: оо тона седат. оперира ива wA ще но 3 5 
КОН 0.1 4.7g NaNO? with 4.6g urea ОАВ и ва анемона аъ ч | 
LIBH, 35" 8 хи неко? mm zo гер Soft albino asphalt. PS 
че! 11.40 и ES Ероху (сиғеа) 2 uo 1.0 ! 
Polyurethanes... ._. |. .. ||. o s 5 


(continued) 
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Table 14.102: (continued) 


Polymer Solvent 


The principal use of DMF is as a solvent in the spinning of acrylic and polyurethane fibres. This 
із а specialised outlet but illustrates the solvent power of DMF for polymers of high molecular 
weight. 


Various polymers which are soluble in OMF together with some which are insoluble are shown 
‘in the following lists: 


Soluble insoluble 

polyacrylonitrile polyeth ylene 
polyurethanes polypropylene 
polymethylmethacrylate polytetrafluoroethylene 
cellulose acetate saturated polyesters 
cellulose nitrate 4 uree-formaldehyde resins 
cellulose acetate butyrate natural rubber 
ethylcellulose butyl rubber 
cyanoethylated celiulose styrene-butadiene rubber 
polystyrene nylon 66, 6, and 610 


polyvinyl chloride 

polyvinyl alcoho! 

polyvinyl acetate 

aikyds 
phenol-formaldehyde resins 
coumarone-indene resins 
sheliac 

ester gum 

kauri gum 


Not oniy does OMF allow many polymers of sparing solubility to be brought into solution at 
economical concentrations, but when used either alone or as a booster solvent it yields solutions 
with lower viscosities and higher solids content than can be obtained with other solvents. It 
is therefore suggested as an attractive solvent for use in the formulation of protective coatings 
and films, adhesives, and printing inks. 


Reaction Solvent and Catalyst 


The use of DMF alone or as a component of a solvent system confers a number of advantages, 
the relative importance of which depends upon the particular application, but the following 
may be specially noted: 


(a) its high solvent power can increase the effective concentration of one of the reacting species ; 


(b) it has a high dielectric constant; 


Table 14.103: Dimethylacetamide (11) 


DMAC 


PHYSICAL PROPERTIES OF DIMETHYLACETAMIDE: 
|| 
Еогтија..................................... СН.СМ(СН,), 


Моі!есиіаг мешрікІ............................. 87.12 

Boiling polli, « vices eda th eB Rs 165.5°C 

Vapor pressure at 25°C........................1.3 mm 

Freezing робе о даване ewe oe —20°C 

Ѕресібс ргауігу (15.5°С).......................0.9448 

Pounds per gallon (15.5°C).................... .7.87 

MISCOSILV СА) а ноаен ео, 0.92 ср 

Кегтасиме пдех ............................. 1.4356 

Гхејестас сопвѓане............................. 37.8 

ГРіроіе тотеп (іп діохапе).................... 3.79 

Flash point (Tag Open Cup).................... 70°C 

Thermal conductivity (22.2С)................-. 416 х 10-“са|/зес/ст/“С 

Specific heat (liquid, 0 to 87°C)................. 0.485 BTU/Ib?F 

Heat of vaporization at 165°C (cal’d)............ 10,360 cal/g mol 

Heat оЃ сотризноп (20?С)..................... 608 k cal/g mol 
Flammability limits in air at 740 mm Hg and 160°C 
Lowen o eir bo pupa ы дит о 2.0% by vol 
Оррев ры а ин вани ан TC op 11.5% by vol 


(continued) 


Table 14.103: (continued) 


Vapor pressure:— 
Temperature, °C 


25 
40 
70 
90 
110 
130 
150 
165.5 


Azeotrope — 


Amines 777 


Pressure, mm Hg 
1.3 
3.4 
18 
46 
108 
230 
460 
758 


DMAC (77.2 wt %)—acetic acid (21.1 wt %)—170.8°C at 760 mm 


Solubility—Completely miscible with water, ethers, esters, ketones, and aromatic 
compounds. Unsaturated aliphatics are highly soluble, but saturated aliphatics 


have limited solubility. 


Iso-octane 
Di-isobutylene 
N-hexane 
N-Heptane 
Cyclohexane 
Cyclohexene 
Kerosene 


Table 14.104: Viscosities of Resins in DMAC (77) 


Viscosities of Surface Coating Resins in DMAC 


Viscosity at 25°C, 15 wt % 
Solution—cps 


Acrylic Resins 

Acryloid*'*' A-21'*' 23 
А-107 23 
B-72% 20 

Lucite$'* 44 26 





Cellulosic Resins 

Half-Sec. Butyrate 555 
-500-1 ‘° 

ЕАВ-171-2% 1275 


Urea-Formaldehyde Resins 
Uformite*'* F-222 | 20 


Melamine-Formaldehyde Resin 
MM-55 18 


Solubility at 25°C 
9/100 д ОМАС 
33 
Compl Misc 
31 
Compl Misc 


“ “ 


16 


Увсоз ез of Vinyl Resins in DMAC 


Viscosity at 25°C, 15 wt % 
resin in 50/50 Solvent/ 


Toluene, cps 
УУНН“ 52 
УАСН“ 53 
УМСН“ 48 
Сеоп? 121 230 
еопФ“! 101 3800 


Viscosities of Nitrocellulose Solutions in DMAC 
Viscosity at 25°C, 8 wt % 
resin in Solvent, cps 

18 





HB-14 Nitrocellulose '*' 


(a) — Rohm and Haas Company 

(b)— Reduced to 5 wt % solids with DMAC 
(c) -- E. I. du Pont de Nemours & Co. (Inc.) 
(d) —Shell Chemical! Corporation 

(e) — Eastman Chemical Products, Inc. 

(f) — Reduced to 30 wt % solids with DMAC 
(g)-- Union Carbide Chemicals Company 
(h)—B. F. Goodrich Chemicals Company 
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Table 14.105: 1-Formylpiperidine (78) 


Fes 
е. 


1-Formylpiperidine, an amide solvent, is a stable, highly ordered, dipolar aprotic liquid having a high 
boiling point and wide liquid range (-30.6° to 222°C), making this a favorable solvent for nonvolatile 
applications in gas absorption processes, ink and dye systems, and plastics modifiers and stabilizers. 
1-Formylpiperidine is a strong solvent for both polar and nonpolar compounds. It is unusual for its sol- 
ubility in both water and hexane. It is miscible with acyclic alkanes (Cg and below), cyclaalkanes, 
alcohols, esters, ketones, aldehydes, amines, carboxylic acids and hydrides, amides, alkyl halides 
beyond Cj, stearates, ethers, alefins, nitriles, nitro compounds, heterocyclics, oromotics, огдапо- 
phosphorus campounds, alkynes, organotin campounds, organosilicates and inorganic ocids. The high 
solubility of many polymers in 1-formylpiperidine is of porticular significance. 1-Farmylpiperidine is 
a reactive solvent reacting at the carbonyl center and at the amide nitrogen. 


Molecular Formula С,„Нимо 
Molecular Weight 113.16 
Density 1.02 g/ml (8.51 ib/gal) 
Index of Refraction (25.0 C) 1.4823 
Freezing Point -30.6'C 
Boiling Point 222°C 
Vapor Pressure 
25 С 0.1 mm Hg (0.002 Ib/in?, 0.0001 atm) 
100°C 14 mm Hg (0.27 Ib/in?, 0.02 atm) 


16.5 kcal/mol (262 Btu/Ib) 
2.2 kcal/mol (35 Btu/Ib) 
18.7 kcal/mol (297 Btu/tb) 
33.4 са!/"/ то! 


Heat of Vaporization (AHvap) 
Heat of Fusion (АН 

Heat of Sublimation (AHsub} 
Entropy of Vaporization (ASvap) 


Molar Freezing Point Depression Constant 5.7°C/mol 
Corrosion of Metals at 222°C 
Mild Stee! 0.3 x 10% in/yr 
Brass 3.2 x 10% in/yr 
Copper 5.2 x 10° in/yr 


0.16% weight gain/hour 
(nearly linear to 100 hr) 


Hydroscopicity (23°C, 100% RH, 
exposed surface area/volume = 1.67 cm !) 


Solubilities of Gases (g/100 g, 23°C, 1 atm) 


Ammonia 1.1 
1,3-Витафепе 12.9 
1-Butene 6.B 

Carbon Dioxide 0.8 

Methyl Chloride 12.9 
Ethane 0.2 
Methane fess than 0.1 


Solubilities of Inorganic Solids {g/100 g, 23°C) 


Aluminum Chloride Reacts 
Potassium Acetate 0.51 
Potassium Cyanide 0.06 
Potassium lodide 18.9 
Potassium Permanganate Reacts 
Sodium Chloride 0.08 
Ammonium Bromide 2.4 
Sodium lodide 17.1 
Sodium Hydroxide 0.02 


ГО in rats and mice (C5) 


Toxicity 


71,100 mg/kg of body weight 


(continued) 


Table 14.105: (continued) 


I-F ORMYLPIPERIDINE 


TEMPERATURE (C) 


WATER 


80% 


40% 60% 80% 


WEIGHT PER CENT 


20% 


PHASE DIAGRAM FOR THE 
TERNARY SYSTEM 


|-FORMYLPIPERIDINE, WATER, CYCLOHEXANE 


at 25°C, | ATMOSPHERE 


оо а 02 03 04 05 06 07 08 09 О 


MOLE FRACTION WATER 


FREEZING POINT-COMPOSITION DIAGRAM FOR 


THE I-FORMYLPIPERIDINE, WATER SYSTEM 





CYCLOHEXAKE 


TEMPERATURE (°C) 


Amines 779 

: 
6 
5 
4 
LnP(mmHG) 3 
2 
| 
0 
-1 
-2 

2.0 25 3.0 

VT CK x 103] 


CLAUSIUS -CLAPEYRON PLOT 


VAPOR PRESSURE 1-FORMYLPIPERIDINE 


0 10 20 30 40 50 60 70 80 90 ЮО 


WEIGHT PER CENT WATER 


LIQUID- VAPOR COMPOSITION DIAGRAM FOR THE 


|- FORMYLPIPERIDINE, WATER SYSTEM 
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NITRILES 


Table 14.106: n-Butyronitrile (79) 


CH3CH,CH,C=N 


n-Butyronitrile is a clear, colorless liquid which is slightly soluble in water and completely 
miscible with common organic solvents. The product undergoes reactions typical of the ali- 


phatic nitriles. 


Physical Properties 


Molecular weight 69.10 
Specific gravity, 20/20°C 0.7920 
Boiling point, 760 mm 1174070 
50 mm 43°C 
10 mm 13°С 
Vapor pressure, 20°C 15 mm 
Freezing point | -111.90*C 
Solubility, in water, 20°C 3.5% by wt. 
water in, 20°C 2.5% by wt. 
Viscosity, O°C 0.8 срв. 
20°C 0.6 срв. 

Lo °c 0.5 срв, 
Refractive index, п 1. 3841 
Weight per gallon, 20°C 6.60 lba. 
Flash point 79°F 

Shipping Data 
Net Container Contents: 
l-gallon tin can 6.5 lbs. 
5-gallon iron drum 30 168. 
55-gallon iron drum 360 lbs. 


Typical Analysis of Current Production 


Specific gravity 0.1907 
Distillation, IBP 115:7 C 

50 ml 117:6%С 

-DP 118,4%С 
n-Butyronitrile 98.9% by wt, 
Water 0.09% by wt. 
Alkalinity 0.22 meq/gm 
Color 5 Pt-Co 


HETEROCYCLIC COMPOUNDS 


Table 14.107: Pyrrole (49) 


Арреоғопсе ,...... 
Офо................ 
Molecular Weight... 
Boiling Point* ...-. 


з о э 1. 91 є о и за 


.".9 9 е о 9 о э е э à 99 958599899 


аз... 


*Determined on purified pyrrole 


. - Colorless liquid, darkens on standing 
Mild, nonirritating 


... 1299C. (2649F.) 0t 760 mm. 


(4) HG— CH t3) 


(5) НС СН(2) 
““ 


H 
(1) 
‚ -24°С. (-11°Р.) 


Freezing Point*.......... 


Specific Gravity, 20/49C.* ..) а. 


.. . ....... 0.968 

67.09 |пдех ог Кекоспоп, п20/0%,,..,............. . 1.5095 
Flosh Роми (Тад сјољед сир)... ......... .39 С. (1029Е.) 

Мод ћед Ке:д Марог Ргезљиге“, . ,.......0.25р.љ.:. (20.05) 


Table 14.108: 2-Pyrrolidone (49) 





STRUCTURE ње CuO 
% Ж 
М 
| 
H 
2-pyrrolidone 


PHYSICAL 
PROPERTIES* 


Molecular Weight 85 


Physical Characteristics of 2-PYROL: 


РПУ біса ате даа се ER ER Eee RS dades d due wis Liquid 

Boiling Polrit at 760 mm... obse ere Ner arc AU E ene 245°C 

Boiling Point а1 400 тт...................................... 226°С 

Вошпа Рони а! 200 тт...................................... 202°C 

Войіпа Роіпі ай 100тт...................................... 181%С 

Boing Point at 60 тт...................................... 170°C 

Boiling Point at 40тт...................................... 155°C 

Boiling Point at 20 тт...................................... 138°C 

Boiling Point at 10 тт...................................... 122°C 

репеу аг ав Сое а оаа a Бор 1.107 g/m! 
Density at 50"C ................... "ERR а 1.087 g/ml 
Density СЛО € uses Cou TRE e eh fd E PX BER RE EE PE 1.067 g/ml 
Densily-dl TO00^ C cose ада d Fa въ і фан ARS UE hs 1.046 g/ml 
Densily 8t 1259 E eiiis debida esi uS edo VIENI a pet 1.025 g/ml 
Репа ав т096 хаа онаа наели оен 1.005 g/ml 
Density dL 1785 оа eos ынаны қы EN ьо зн В 0.985 g/ml 
VISCOSILY 8l 25 C sees etr aas Ee ei Eod be d Dr a at 12.0 сѕог 13.3 ср 
Refractive ілаех 125: а ан а e exe bd ааьан 1.486 

Ғіавһ Роіпі (ореп сир)....................................... 129.4? C (2652 Е) 
Rub. ан алата дара бы ТЫ ШАН Шан ЕД ыы ыы 1459С (293%Ғ) 
PH (10% адиеоиѕ воішіоп)................................... 8-10 


As shipped, 2-PYROL meets a specification of 98.596 minimum purity, 0.5% 
Maximum moisture. 


Solubility: 2-PYROL is completely soluble in 


water chloroform ethy! acetate 
ethyl alcohol benzene carbon disulfide 
ethyl ether 
Dissolves polymers 

chlordane 

DDT 

d-sorbitol 

glycerine 

iodine 

sugars 


“These data are typical of Current production but are not specifications 


Table 14.109: Phase Diagram for 2-Pyrrolidone-Water (49) 


Freezing Point °C 


30 


25 


20 


15 


10 


100 





Mole Percent Pyrrolidone 


60 40 


Moje Percent Water 


20 


saunuy 


192 
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Table 14.110: N-Methyl-2-Pyrrolidone (49) 


Structural Formula 






О 
M-PYROL | 
СН, 
Empirical Formula С;Н,МО 
CGS ENGLISH 
Molecular Weight [91 —  [9! . — — 
Purity (N-methy!-2-pyrrolidone, area% VPC) 99.8% min ree 
Physical form liquid with mild amine-like odor 
0.05% тах 0.05% тах 


1.03 gm/cc 
1.02 gm/cc 
0.99 gm/cc 


Density - Liquid (20°C) 
(30°C) 
(40°C) 

Boiling Point @ 760mm 
@ 162mm 
@ 24mm 





Viscosity (20°C) 1.7 ср 4.11 Ib/ft-hr 
(50°C) 1.0 ср 2.41 Ib/ft-hr 
(80°C) 0.9 cp 2.17 Ib/ft-hr 
Specific Gravity (d 1.027 
@ 78°C 0.987 
@ 100°C 0.969 
[ImerfacialSurace Tension 9C) — | | |407 дует | ро 
Heat of Vaporization — 100°C 












Specific Heat - Liquid 0.401 cal/g-°C 0.401 BTU/Ib-°F 












0.465 cal/g-^C 0.465 BTU/Ib-°F 
0.502 cal/g-°C 0.502 BTU/Ib-^F 
Vapor Pressure - (40°C) 1.0 Torr 0.02 psi 
(60°C) 3.5 Torr 0.07 psi 
(80°C) 9.5 Torr 0.19 psi 
[DipdeMomet [4090.40 | — y O 
[Dielectric Constante) — | | з 
НЕ 
ГНапзеп боїцьїну рагатеего: Ц 


оиву SSCS 
аво) SSCS 
Бе 
ангу SSCS 


Amines 783 


Table 14.111: Acute Oral Toxicity (49) 
M-Pyrol shows a low order of oral toxicity for each of the species investigated. 





LDy Species Reference 
4.1 g/kg Mouse (1) 
7.5 g/kg Mouse (2) 
4.2 g/kg Rat (3) 
3.8 ml/kg Rat (2) 
3.5 ml/kg Rat (4) 
4.4 g/kg Guinea Pig (5) 
3.5 g/kg Rabbit (5) 
2.5-5.0 g/kg Bobwhite Quail (6) 





Table 14.112: Acute Dermal Toxicity (49) 


M-Pyrol is readily absorbed through the skin and shows dermal toxicity of approximately the same magnitude as 
oral toxicity. 





LDs Species Reference 
7.0 g/kg Rat (1) 
5-10 g/kg Rat | (8) 
4-8 g/kg Rabbit (6) 
2-4 g/kg Rabbit (abraded skin) (6) 





Table 14.113: Injection Toxicity (49) 


As might be expected, M-Pyrol is slightly more toxic by injection than by the other modes of application. 
Differences, however, are generally small so that toxicity is still low. 





Injection mode 10. Species Reference 
Intraperitoneal 4.3 ml/kg Mouse (2) 
Intraperitoneal 1.9 ml/kg Mouse (4) 
Intraperitoneal 2.4 ml/kg Rat (2) 
Intravenous 3.5 ml/kg Mouse (2) 
Intravenous 2.4 ml/kg Rat (2) 


intravenous injection of M-Pyrol in rats was studied, monitoring arterial blood pressure, blood glucose levels and 
electrocardiograms. Doses of 50 mg/kg produced a slight and short-lived hypotension without altering the ECG; 
hyperglycemia was observed at the higher dosage only. At 500 mg/kg, hypotension, hyperglycemia, and ECG 
alterations were all produced. 


Table 14.114: Toxicity to Aqueous Organisms (49) 


M-Pyrol shows low toxicity for all of the aquatic animals tested. 





LCy Species Reference 
0.8 тп1/1 Sunfish (6) 
1.1 ті/ 1 Fathead Minnow (6) 
3.0 ml/1 Trout (6) 
1.3 ті/1 Guppy (1) 
4.9 т!/1 Daphnia (6) 
4.7] ml/1 Scud (6) 
1.6 ml/1 Mud Crab (6) 


].1 ml/1 Grass Shrimp (6) 
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of Anhydrous M-PYROL® (Liquid Phase at 1 Atm) 


Test Temperature ( 


Thermal! Conductivity 
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Table 14.117: Thermal Conductivity (49) 
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Table 14.116: Specific Heat (49) 


Effect of Temperature on Specific Heat 
of Anhydrous M-PYROL 

The Line Equation: C 

C. in cal/ gram X `C 


Tin °K 


|| 
N об 
; : с = 7 та 
e о г 


F + 4 
© © © 


г. 
"| 
25 дада а-а Ды 
E I c а 
[- = е. ee 
atom аве 
ТЕ | 3 
ON 
(UOISSILWSUPL] 9%) SOURIIILUSUBL] 


ч сч 
e e “> 
г о о 


(4,797 18 3. х шема јез) зен 2246 


Table 14.115: Infrared Absorption Spectrum (49) 


Table 14.118: Vapor Pressure (49) 
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Table 14.119: Comparison of Vapor Pressures of M-Pyrol 
and Other Aprotic Solvents (49) 
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Table 14.120: Surface Tension (49) 
е ту Effect of Temperature on Surface Tension of Anhydrous 
n-Heptane or M-PYROL® and of Aqueous Systems 
: rum: 
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Table 14.121: Freezing Point Curve (49) 


Freezing Point (°C) 





The eutectic exhibited by this curve at aboul 63 and 16 mole percent 
M-PYROL® is typical of a phase diagram for a two-component 
system with compound formation. In this casc the compound corre- 
sponds to 2 moles of water per moic M-PYROLS® which is in excellent 
agreement with publishcd work reporting other data.® 


100 90 80 70 60 50 40 Solvent (wt%) 
0 10 20. 30 40 50 60 Water (wt%)} 


* Virtanen, P.O.1. and Korpela, J. Suomen Kemistrilehti B40:99-103 (1967); 
Virtanen, P.O.1. ibid B-40:241-9 (1967); ibid B40:313-16 (1967) 


Table 14.122: Viscosity of Anhydrous M-Pyrol (49) 
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Table 14.123: Viscosity of Aqueous M-Pyrol (49) 
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Table 14.124: Vapor/Liquid Equilibrium Data for M-Pyroi-Water 
System at Atmospheric and 400 mg Pressures (49) 


Mole-&% M-PYROL® 


Boiling Pu C Pressure. mm Liquid 
202 452 99.6 
190 761.8 95.9 
186 758.2 96.7 
135 злата 72.4 
108 735-5 34.7 
102 756.0 17.4 
168 400.0 97.6 
165 399.0 97.3 
162 400.4 96.6 


Vapor 
95.7 
70.8 
68.6 
10.0 
1.9 
1.0 
77.1 
68.1 
63.8 
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Table 14.125: Vapor/Liquid Equilibrium of M-Pyrol-Water Systems (49) 
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Table 14.126: Hydrolytic Stability of M-Pyrol (49) 
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Table 14.127: Comparison of Hydrolysis of M-Pyrol and DMF (49) 





Time, Temp. Conc., то1/1 

Reagent Hours °C M-PYROL® DMF Hydrolysis, % 
0.5N NaOH 24 R.T. 0.40 0 0 
0.5N NaOH 24 R.T. 0 0.39 90.4 
0.5N H,SO, 24 RT. 0.45 0 0 
0.5N H,SO, 24 R.T. 0 0.42 0 
0.25N NaOH | 80 0.21 0 5.4 
0.25N NaOH | 80 0 0.22 100 





Table 14.129: Hygroscopicity Data (49) 


Effect of Container Shape on Rate of Weight Change 
(M-PYROL.® at 97°F /90% ЕН) 


Weight Change (%) 





Time (hours) 


Note: Dynamic tests conducted in humidity cabinet having complete change of almosphere 
every 3 minutes. Surface area to weight ratios of large Petn dish, small Petri dish, and vial 
were 17.0, 2.4, and 0.25, respectively. 


Table 14.128: Hydrolysis of M-Pyrol in Alkaline Salt Solutions (49) 


Alkaline Salt pH 1% Solution % Hydrolysis 
Sodium tnpolyphosphate 9.7 0.3 
Potassium pyrophosphate 10.1 0.5 
Sodium carbonate 11.4 1:3 
Trisodium phosphate 12.0 4.7 
Sodium metasilicate 12.6 18.3 
Sodium hydroxide 13.2 39.7 





Table 14.130: Hygroscopicity Data (49) 
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Table 14.131: Hygroscopicity Data (49) 


Effect of Humidity on Rate of Weight Change 
(10 ml M-PYROL® in Small Petr Dish; 
Static Humidity, 727 F) 


Weight Change (95) 
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Table 14.132: Effect of Temperature on Table 14.133: Correlation of M-Pyrol and 

Hygroscopicity (49) Water Vapor Data (49) 
eee Ж 

Hygroscopic Propenies o£ M-PYROL* И) Correlation of Aimospheric M-PYROL® 
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Table 14.134: Vapor/Liquid Equilibrium of M-Pyrol Containing 1% Water (49) 





















Equilibium of M-PYROI: Vapor in Contact with the - 
Solvent Containing | Ми. 965 М/аєсг (арргох. 95 тоїіс 9 | | 
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si LE И 
10 50 100 500 
Equilibrium Natural Gas Pressure (psia) 
Natural Gas 
Composition Temperature Vapor Composition 
(mole %) (F) psia (mole € Solvent) 
N, 4.35 100 765 0.0050 
CH, 90.04 100 797 0.0046 
C,H, 330 100 560 0.0045 
СО, 184 100 435 0.0048 
C, 0.47 100 417 0.0058 
100 190 0.0086 
100 50 0.0168 
100 14.7 0.095* 


*Calculated from 0.76 mm Hg vapor pressure. 


Table 14.135: Solubility of Acetylene in Various Soivents (49) 


Solvent 
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Table 14.137: Solubility of Paraffin Hydrocarbons 


Table 14.136: Solubillty of Sulfur Compounds and Carbon Dioxide 


in M-Pyrol Solvent (49) 


in M-Pyrol Solvent (49) 
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Table 14.139:Vapor-Liquid Equilibrium Distribution Coefficients 
for Paraffin Hydrocarbons in M-Pyrol 
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Table 14.138: Vapor-Liquid Equilibrium Distribution Coefficients 


K = Y/X at | Atm Y = Mole Fraction in Vapor Phase 
X = Mole Fraction in Liquid Phase 


Temperature (9 Р) 


Temperature (°F) 
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"- Classification of Equilibria in M-PYROL® Showing Relation- 
500 ship between Equilibrium Distnubtion Coefficients (K) and 
Solute Vapor Pressures | 
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Tabie 14.141: Classification of Equilibria in M-Pyrol Showing Relationship 
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Table 14.143: Solubilities of Diolefins in Anhydrous M-Pyrol Solvent (49) 


Table 14.142: Solubilities of Carbon Monoxide and Olefins 


in Anhydrous M-Pyrol Solvent (49) 
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Table 14.144: Solubilitles of Acetylenes in Anhydrous M-Pyrol Table 14.145: Vapor-Liquid Equilibrium Distribution Coefficients 
Soivent (49) for Olefins and Carbon Monoxide in M-Pyrol 
Solvent (49) 
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Table 14.146: Vapor-Liquid Equilibrium Distribution Coefficients for Diolefins in Anhydrous M-Pyrol 
Solvent (49) 
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Table 14.147: Vapor-Liquid Equilibrium Distribution Coefficients for Acetylenes in Anhydrous M-Pyroi 
Solvent (49) 
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Table 14.149: Effect of Water (5 wt %) In M-Pyrol Solvent 
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Table 14.150: Effect of Water (5 wt %) In M-Pyro! Solvent on 
Equilibrium Distribution Coefficient for 
Methylacetylene (49) 
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Table 14.151: Effect of Water (5 wt %) In M-Pyrol Solvent 
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. Fugacity of Solute at Vapor Pressure 


"Fugacity of Solute Vapor at System Pressure 
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Table 14.153: Effect of Water and Elevated Pressure on Solubility 


Tabie 14.152: Classification and Correlation of Equilibria of Unsaturated 
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Mole Fraction Solute in Vapor Phase 


INST eR СИЕ 


А NNN 


Methylacetylene 
multicomponent system. 


Butadiene 
Acetylene 


2 
2 
3 

P 
с 


v 
© 
+ 
О 


|-Вшепс 
ГЈ cis-2-Butene 


@ Ethylene 
X = Propylene 


Hydrocarbons in Anhydrous M-Pyroi Solvent (2-10 atm, 
A 


25°-150°C range) (49) 


K = Y/X at Equilibnum Pressure and Temperature 
= Mole Fraction in Vapor Phase 
= Mole Fraction in Liquid Phase 





Fugacity of Solute at Vapor Pressure 


Fugacity of Solute Vapor at System Pressure 


Table 14.154: Solubility of Polymers in M-Pyrol (49) 


Polymer 


—— ———— нати era M EE EE 


Solubility, %* 


Acrylonitrile/ vinyl chloride copolymer 210 
Adiprene B urcthane rubber (duPont) 10а 
В[асК Тегуап wax (Exxon) > 10 
Cellulose tnacetate >10 
Chemigum butadienc/acrylonitrile copolymer (Goodyear) sol 
Delrin polyacetal resin (duPont) insol 
Epi Rez 510 epoxy resin (Interchemical) sol 
Epolene N polyethylene (Eastman) — insol 
Epon 1000, 1004, 1007 epoxy resin (Shell ) sol 
Estane 5740X1 and 5740X2 polyurethane (Goodrich) >10 
Ethyl! Cellulose N-100 (Hercules) 25 
Formvar polyvinyl formal resin (Monsanto) 5 
Gantrez AN methylvinylether/maleic anhydride copol. (GAF) >10 
Сеоп 101 апа 102 polyvinyl! chloride (Goodrich) 10 
Hycar OR butadiene/acrylonitrile copolymer (Goodrich) sol 
Kynar polyvinylidene fluoride (Pennwalt) sol 
Lexan polycarbonate (General Electric) 10» 
Mekon 20 wax (Petrolite) > 10 
Multrathane MA-40 and MB-40 polyurethane (Mobay) insol 
Mylar polyester flim (duPont) >10 
Nylon > 10 
Pentalyn M pentaerythritol ester of resin (Hercules) 50 
Polyacrylonitrile, specific viscosity 2.1* 24 
3.] 18 
8.7 10 
3].9 5 
Poly(methyl a-chloroacrylate) 210 
Poly(methy! methacrylate) >10 
Polybutene sol 
Polystyrene 25 
Polyester-type polyurethane rubber (Mobay) (at 80°C) 10 
Polyvinyl chloride > 10 
Polyvinyl pyrrolidone >10 
Tefion fluorocarbon resin (duPont) insol 
Vinosol Ester Gum glycol ester of pine resin (Hercules) 10 
Vinac polyvinyl acetate (Air Products) 10 
Vinylite VYHH, VMCH, and VYNS VC/VAc copolymers (U. C.) >10 
Vinylite NYGL vinyl resin (Union Carbide) 29 
Vinylite VYNW vinyl chloride resin (Union Carbide) 15 


Zytel nylon molding resin (duPont) 


(at 200°C) 25 





* “>10” shows that a 10g sample dissolves in 100g M-PYROL at room temperature, other 
numbers indicate the solubility limit for pourable viscosity. “Sol” indicates a qualitative test 


only, and “insol” indicates no solubility under test conditions. 
* Solubility 10% (room temperature) and 25% (80°C). 
* After 24 hours at 25°C or 1 hour at 60°C, gels. 
° Sp. Visc. of 1 g polymer in 100 mi M-PYROL at room temp. 


Amines 


801 
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Table 14.155: Bunsen Solubiillty Coefficients for Gases in M-Pyrol Solvent (49) 


10,000 [77 





Bunsen Solubility Coefficients 


for Gases in M-PYROL® Solvent 


Bunsen Coefficient, (Vol Gas/ Vol М-РУКОГУ) 


О: 
20 


Table 14.156: Solubility in M-Pyrol (to nearest 5%) 


+ 
rtt n HP t S mitte 





Herbicides 


Insecticides 


Fungicides 


30 40 50 
Temperature (°C) 


2. 4-dichlorophenoxybutyric acid 
butoxyethyl ester 
butyl ester 
isooctyl ester 
isopropyl N-(3-chlorophenyl) carbamate 
2-methyl-4-chlorophenoxyacetic acid 
2. 4, S-trichlorophenoxyacetic acid 
butoxyethoxypropyl ester 
butyl ester 
isobutyl ester 
isooctyl ester 


aldrin (cloudy) 
chlordane 

DDT 

dieldrin 

O, O-dimethyl-O-(2, 2-dichlorovinyl) phosphate 
heptachlor (cloudy) 
lindane 

malathion 

methy! parathion 

parathion 

Sevin (Union Carbide) 

toxaphene 


captan (100°C) 
pentachlorophenol 


phenylmercuric acetate 


at Room Temperature (49) 


Diacetylene 


Vinvlacetylene 


Methylacetylene 
Acetylene 






60 


желегін ам vr mm Materie vos 


6590 
25% 
> 80% 
30% 
50% 
> 80% 
> 80% 
80% 
55% 
50% 


33% 
10% 
10% 


Amines 803 


Table 14.157: M-Pyrol Solvent Effects at Ambient Temperature for 7 Days (49) 


Substrate 
ABS 

Buna-N 

Butyl Rubber 
EPDM-70 
Kynar 

Lexan 
Neoprene 
Могу! ЕМ-265 
Nylon 101 
Polyethylene - 
Crosslinked 
Polyethylene -Low 
Density 
Polyethylene - 
High Density 
Polypropylene 
PVC 

Silicon Rubber 


Teflon 


Viton 


Percent Change from Initial 


Weight 


Length 


Width 


Thickness Comment 


Coupons fragmented within 1 hr. of immersion 


66.99 
1.37 
4.14 


-11.72 


17.19 
0.42 
0.91 


3.85 


13.47 
-1.39 
-0.32 


-2.99 


Note 1 
Note 2 
Note 1 


Coupons 
dissolving 


Coupons completely dissolved within 18 hours 


0.79 


“1.57 


-0.45 


Note 1 


Coupons completely delaminated within 72 hrs. 


-0.59 


0.09 


0.39 


0.15 
0.02 


Coupons completely dissolved within 24 hrs. 


1.09 
-0.01 
176.0 


-0.16 


0.07 


0.10 


0.10 
-0.53 


0.16 
-0.10 
50.28 


-0.19 


0.003 


-0.26 


0.06 
-0.85 


0.45 
0.00 


56.89 


0.93 Note 2 


-2.65 Note 2 


64.38 Note 1 


Note 1: Coupons discolored, imbibed or continued to leach M-PYROL up to 24 hrs. after removal. 
Note 2: No visibie effects 





Table 14.158: M-Pyrol Solvent Effects at 70°C for 7 Days (49) 


Substrate 


Buty! Rubber 


EPDM-70 
Neoprene 


Nylon 101 


Polyethylene - Crosslinked 


Polyethylene -Low Density 


Polyethylene - High Density 


Polypropylene 


Silicon Rubber 


Teflon 


Weight 
6.25 
5.88 
1.71 
1.65 
1.40 
1.63 
0.99 
1.94 
2.33 
0.01 


Length 
1.60 
0.62 

-0.42 
0.23 
0.13 

-0.09 
0.20 
0.30 
0.65 
0.30 


Percent Change from Initial 


Width 
1.44 
1.92 
0.78 
0.00 
0.13 
0.26 

-0.32 
0.33 
0.00 

-0.06 


Thickness Comments 


0.00 Note 1 
0.00 Note 1 
-2.86 Note 1 
3.03 Note 2 
1.24 Note 2 
0.00 Note 2 
-2.70 Note 2 
1.64 Note 2 
2.78 Note 2 


0.00 Note 2 


Note 1: Coupons discolored, imbibed or continued to leach M-PYROL solvent up to 24 hrs. after removal 
Note 2: No visible effects 
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Table 14.159: Solubility Parameters (49) 


Comparison of M-PYROL Solvent and 


Moderately Hydrogen-Bonded Solvents 





Resin Solubility Parameter Range 


7 8 10 11 12 13 14 15 
вица: = Б е = NOTE: The value 
cryloid” acrylic ester (Rohm and Haas) | > | for M-PYROL 
роіутейуі асгуйив 1244 ——— solvent d = 11.0 is 





polyethyl acrylate 
polybutyl acrylate 
polymethyt methacrylate 
polybuty! methacrylate 
ALKYDS 
glycerol alkyd, 45% soy -----------. 
glycerol alkyd, 30% soy —-—- ......... . 
glycerol alkyd, 4596 иптзеед ___________ . 
pentaerythritol alkyd, 45% зоу -—— —-—-— 
SOy Oil nnen U ħħ 
AMINES 
“Uformite” MX-61 (Rohm and Haas) 
ELLULOSE DERIVATIVES 
cellulose acetate — — — —— — 
cellulose butyrate 0.5 sec. 
cellulose acetate/butyrate 
ethyl cellulose N-C22. ——— — —————— ———5 
ethyl cellulose K-200 
ethyl cellulose T-10. — — ———— ————— —— 
nitrocellulose RS 25 CPS 
nitrocellulose SS 0.5 sec. 
POXIES 
"Epon" 1001 (Shell Chemical)... 
"Epon" 1004 (Shell Chemical) —— — —— —-— — 
"Epon" 1007 (Shell Chemical) — — ————- -—- 
"Epon" 1009 (Shell Chemical) —-— ——  — — 
“Epon” 1004 DHC ester (Shell Chemical) — — —— 
PHENOLICS | 
"Durez" 220 (Hooker Сһетіса|--------- 
"Durez" 550 (Hooker Chemical)-—— ——— —— 
"Methylon" 75202 (General Electric) ———----—— 
ROSIN DERIVATIVES 
"Amberol" F-7 (Rohm and Haas)... 


el based on a total 


heat of 
vaporization of 
12,200 cal/mol, 
reference 
temperature 65°C. 


The solubility 
parameters for 
resins are based 


Burrell (1957) and 
Hughes and Britt 
(1961). 


Polystyrene seems 
to be a notable 
exception. It is 
known to be 
soluble in M- 
PYROL solvent yet 
the reported 
solubility 
parameter range is 
опу 9.0 + 0.9 
(Burrell 1957). 








"Атбегої" 801 (Rohm and Haas- ЕТТЕ 

ester gum ————————————— -» 

“Vinsol” (Hercules Powder) e 
INYLS 


"Geon" 12 (Goodrich) —— — —— .—. . 
"Vinylite" AYAA (Union Carbide)... 


"Vinylite" VAGH (Union Carbide)- -- 

"Vinylite" VMCH (Union Carbide)—-- —- —-— - 
"Vinylite" VYHH (Union Carbide)—— ---—- 
polyvinyl butyl ether ———- nale cadi 
polyvinyl ethyl ether ————————-——— ~=- + 
polyvinyl formal =, за 
polystyrene а ааа, 














Table 14.160: Typical Physical Properties of Pyrrolidone Solvents (49) 


Amines 805 


МЕР“ CHP® HEP® 
Physical Form Liquid Liquid Liquid 
Molecular Weight 113 167 129 


Purity, Area % GC 


98% Minimum 


98% Minimum 


98% Minimum 


Moisture, % 0.5 Maximum 0.5 Maximum 0.5 Maximum 
Boiling Point, °C 200 284 295 
Freezing Point, °C <-70 12 20 
Viscosity, cps 25°C 3.5 11.5 53 
Refractive index @ 25°C 1.4664 1.4950 1.4951 
Specific Gravity @ 25°C 0.993 1.026 1.139 
Flash Point, Closed Cup (°F) 199 293 320 
Heat of Vaporization KCal/mole 12.7 12.9 16 
Solubility, Parameter 10.3 8.7 11.7 
CAS Registry No. 2687-91-4 6837-24-7 3445-11-2 
Chemical Structure 
0 0 0 

N N N 

| | | 

CH,CH, CH,CH,OH 


Table 14.161:Hydrolytic Stability of Alkyl Pyrrolidones (49) 


Pseudo First Order Rate Constant for Acid Hydrolysis 
ot Selected One Molar Pyrrolidones in Aqueous 


One Molar HCI at 100°C pH 0.4 + 0.1 Base Hydrolysis, 1 M NaOH, 100°C 


Hydrolysis Rate 


0.50 0.05 
vum qum 


' Pseudo First Order 
Rate Constant 
К Х 109 бес"! 


2-PYROL® 
HEP® 
M-PYROL® 
NEP® 
CHP® 





806 Industrial Solvents Handbook 


Table 14.162: CHP/Water System (30:70) Minimum Critical Solution Temperature as a Function of 
Acid/Base Concentration (49) 


0.5 
0.4 
0.3 


0.2 


Normatity of NaOH 
Normality of H2SO4 


0.1 





0 10 20 30 40 50 60 70 80 90 
Minimum Critical Soluton Temperature (°C) 


Ш Н2504 @ NaOH 


Table 14.163: Phase Diagram CHP Water (49) Table 14.164: Minimum Critical Solution Temperature 
of CHP Water System (30:70) as a 
Function of Acid/Base Concentration (49) 


(0.93М, Н2504) 


Temperature (°C) 





H>13 а | 
(0.46N,NaOH) ‘CST is the minimum temperature below which the 
system is in one phase for all compositions. 
20H = 8.5 
0 20 40 60 80 100 
H20 CHP 


Percent CHP 


Table 14.165: Comparison of NEP, HEP, CHP Solvents with Common Solvents (49) 








Tension 
эю бр быт Баһ мшу 
сус сс (“С 
HEP® (N-Hydroxyethyl-Pyrrolidone ) 20 295 49 160 11.7 
M-PYROL® (N-Methyl-Pyrrolidone ) —24 202 41 95 11.0 
NEP* (N-Ethyl-Pyrrolidone) «1-70 200 36 93 10.3 
CHP® (N-Cyclohexyl-Pyrrolidone ) 12 284 43 145 8.7 
DMAC? (Dimethyl-Acetamide) (DuPont) —20 166 34 70 10.8 
DMF* (Dimethyl-Formamide) (DuPont) —61 153 35 68 12.1 


Amines 807 


Table 14.166: Surfadone LP Specialty Solvent Structure (49) 


% 


О 





RzCH4(CH2)7 for LP-100 
RzCH4(CH5)4 for LP-300 


Table 14.167: Physical Properties of Surfadone LP Products (49) 


SURFADONE* SURFADONE?® 
LP-100 LP-300 
Physical Form (25°C) Clear to slightly Clear to slightly 
hazy liquid hazy liquid 
Boiling Point (°C) 100 {0.3mm Hg) 145 (0.2mm Hg) 
Vapor pressure (mm Hg) 0.5х10-3 0.1х10-4 
Density (g/cc) 0.92 0.90 
Solubility Parameter 9.2 8.9 
Flash Point “СИТСС) 119 116 
Solidification Point(°C) -25 10 
Thermal Gravimetric Analysis (°C) 175 225 
Molecular Weight 197 253 
Min. Surface Tension (dynes/cm)2! 28 26 


(1) Temperature at which 1096 weight loss occurs (by volatilization). 
(2) Saturated solution 


Table 14.168: Phase Diagrams (49) 


SURFADONE® LP-100 





Solvent 


Water 

Ethanol 

Acetone 

Xylene 

Heptane 

Paraffin Oil 
Stoddard Solvent 
Perchloroethylene 


S = soluble at 10% 


SURFADONE? LP-100 
« 0.196 or » 6590 


C0 00 Co CO COO CO (OD 


SURFADONE® LP-300 


Sodium 


0 Sulfate 


Table 14.169: Solubilities of Surfadone LP 100 and LP-300 Nonionics in Various Solvents (49) 


SURFADONE?® LP-300 
< 0.002 %ог > 80% 


део 
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Table 14.170: Surfactant Properties of Surfadone LP Products (49) 


Solvent SURFADONE® LP-100 SURFADONE® LP-300 
Maximum concentration in H20 (96) 0.124 0.002 
Minimum static 
surface tension (dynes/cm) 28 26 
Draves wetting time (sec.) 4 300 
Dynamic surface 
tension (дупез/сга) 29 N/A 
HLB 6 3 


(1) at a surface age of one second 


Table 14.171: Low Concentrations of Surfadone LP Products Lower Surface Tension of Water (49) 


80 


70 € SURFADONE* LP-100 
А SURFADONE* LP-300 


60 
50 
40 
30 


Surface Tension (dynes/cm) 


20 





0.000196 0.001% 0.01% 0.1% 


Table 14.172: Draves Wetting Time for Surfadone LP Products with SDS (seconds) (49) 


with with 
0.1% Solution 0.008% SDS 0.018% SDS 


SURFADONE?* LP-100 3.5 2.4 <1 
SURFADONE® LP-300 >300 5.4 4.4 
SDS 17 — E 


Table 14.173: Low Concentrations of Surfadone LP Products Reduce Dynamic and Equilibrium Surface 


Surface Tension (dynes/cm) 


Tension (49) 






70 LP-100 | Surface Tension (dynes/cm.) 
% Bubbles/sec. 
60 EE NE NAE UN. 
62 67 69 

50 

40 

30 

0 0.02 0.04 0.06 0.08 0.1 0.12 


Wt % LP-100 


Table 14.174: Surfadone LP Products Effectively Wet Difficult-to-Wet Substrates (49) 


(Contact Angles in 0.1% Solutions in Water) 


Aluminum Silicone Polypropylene Teflon 
Water 84 95 95 113 
SURFADONE? LP-100 <5 56 34 


SURFADONE® LP-300 36 53 33 54 


Table 14.175: Surfadone LP/SDS Ratio (49) 


Pure de 1:1 
SURFADONE® LP-100 25/5 159/159 164/161 
SURFADONE® LP-300 13/11 139/139 135/135 
Sodium Dodecyl 
Sulfate (SDS) 156/156 — — 


Foam Height (mm), initial/5 min 
Total concentration, 0.1% 


1:3 


58/157 
151/151 


Amines 


Table 14.176: Elastomer Mechanical Properties—Results of Material Resistance to NMP (47) 


(6 Weeks Immersion @ 120°F) 


INITIAL FINAL A 96 A DIMENSION DIMENSION TOTAL 
MATERIAL WT. (G) WT. (G) WEIGHT WEIGHT BEFORE (CM) AFTER (CM) LOSS 
1) CELCON* 95.8334 96.7680 0.9346 0.98 3.0 х 115 - 3.0 х 11.5 - 
х 1.93 х 1.56 
2) TEFLON* 16.8372 16.8394 0.0022 0.013 3.2 x 10.1 3.2 x 10.1 — 
x 0.241 x 0.241 
3) NYLON 15.8448 15.9256 0.0808 0.51 1.3 x 10.2 1.3 x 10.2 0.01 
(ROD) x 1.300 x 1.290 
4) TIVAR” 28.9250 29.1876 0.2626 0.91 2.6 x 10.2 2.6 x 10.3 — 
x 1.204 ' x 1.209 
5) NYLON 31.0453 31.1811 0.1358 0.44 3.6 x 10.5 3.6 x 10.5 — 
(SHEET) x 0.711 x 0.714 
6) PVC 17.3684 — — — 3.5 x 11.7 — — 
х 0.301 
7) ЕРОМ 13.5350 12.4198 -1.1152 -82 3.8 х 10.2 3.6 х 9.8 0.2 x 0.4 
x 0.331 x 0.309 x 0.022 
8) NEOPRENE 17.7365 23.5720 6.8355 39.0 4.0 x 10.4 -- -- 
(R-30) x 0.354 
NEOPRENE 17.7365 18.2105 0.4740 2.7 4.0 x 10.4 3.9 х 104 01х-- 
(R-30) х 0.354 х 0.324 х 0.03 
9) GUM RUBBER 27.2070 31.9650 4.7580 17.5 4.0 x 10.3 43 x 10.3 — 
x 0.683 x 0.719 
10) NEOPHENE 8.2889 9.1755 0.8866 10.7 3.9 x 10.1 — — 
(R-41) x 0.165 
NEOPRENE 8.2889 7.1048 - 1.1841  - 14.3 — 3.6 x 9.5 0.3 x 0.6 
(R-41) x 0.160 x 0.005 
11) BUTYL 39.1515 40.8792 1.7277 4.4 4.4 x 10.2 4.4 x 10.3 — 
RUBBER. x 0.640 x 0.665 
12) MYLAR” 0.6565 0.7224 0.0659 10.0 3.9 x 10.1 3.8 x 10.2 — 
x 0.013 x 0.013 
13) VITON* 12.2540 25.5317 13.2777 108.0 4.0 x 10.3 — — 
x 0.162 
VITON" 12.2540 14.2267 1.9727 16.1 4.0 x 10.3 4.4 x 11.0 -- 
х 0.162 x 0.134 
14) HYPALON* 9.0964 10.3928 1.2964 14.3 3.9 x 10.2 — — 
x 0.170 
НУРА(ОМ“ 9.0964 8.2690 -0.8274 -9.1 3.9 x 10.2 3.7 x 9.8 0.2 x 0.4 
x 0.170 x 0.167 x 0.003 
15) SILICONE 8.1632 8.2814 0.1182 1.45 4.2 x 10.3 4.2 x 10.3 0.001 
x 0.158 x 0.157 


Detailed information is available in a separate technical report. 


TOTAL 
GAIN 


0.026 


— x 0.1 
x 0.005 


01 х — 
х 0.003 


0.3 x 0.5 


x 0.036 


— x 0.1 
x 0.025 


0.4 x 0.7 
x 0.03 
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Table 14.178: Alpha-Picoline (2) 
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Table 14.177: Pyridine (2) 


| АА 
ку 


Pyridine is a liquid miscible with water, alcohol, ether, benzene and many organic liquids. 

It is an excellent solvent for organic materials and will dissolve many metallic salts giving 
comparatively stable compounds (without substitution). It is used in the preparation of water- 
proofing chemicals, rubber accelerators, and pharmaceuticals. It is also used as an extractant 
and in distilling and purifying operations. The less pure grade is used as a denaturant for 


industrial alcohol. 


Boiling point 115°C 
Melting point —42°C 
Specific gravity at 25/4°C 0.978 


"Uu 


2-Methy! Pyridine NA СНз 


Alpha-picoline is a liquid which is very soluble in water, farming a constont-boiling mixture 
with it. It is also soluble in ethyl alcohol and ethyl ether. It may be used in the manufacture 
of alkaloids, phormaceuticals, antioxidants, and rubber accelerators. 


Boiling point 128*C 

Melting point —69.9*C 

Specific gravity at 15/4°C 0.950 

Distillation Range Completely within 2°C 


Table 14.179: Beta-Picoline (2) 


~ —CH3 
3-Methyl Pyridine | 


Beta-picaline is similar to the alpha compound. It is soluble in water with which it forms a 
constant-boi ling mixture; it is also soluble in ethyl alcohol and ethyl ether. Suggested uses 
for it ore in the manufacture of alkaloids, pharmaceuticals and rubber accelerators. It is also 
a starting material for the production of nicatinic acid and nicotinic acid amide. 


Boiling point 143 .5°C 
Melting point —18.3°С 
Purity 95%, min. 
Specific gravity at 15/4°C 0.961 
Table 14.180: Gamma-Picoline (2) CH, 
{ 


“ 


4-Methyl Pyridine 
Ж 


The solubility and uses for this solvent ore similar to those of the alpha ond beta compounds. 


Boiling point 143.1°С 
Melting point +3.8°C 
Purity 95%, min. 


Specific gravity at 15/4°C 0.957 


Amines 811 


Table 14.181: 2,4-Lutidine (2) 
ri 
2,4-Dimethyl Pyridine 
ДР“ СНа 


2,4-Lutidine is a liquid, very soluble in alcohols, ketone, ethers, hydrocarbons, and most organic 
solvents, but only 15% soluble in water. It is recommended for use in the synthesis of drugs, dyes, 
and other chemicals. 


Boiling point 158.3°C 
Distillation 90% distilla within 2°C 
Freezing point Below --60°C 
Specific gravity at 25/4°C 0.927 
Table 14.182: 2,6-Lutidine (2) 
2,6-Dimethyl Pyridine SS 


СНа- СНз 


2,6-Lutidine is a liquid, very soluble in water, alcohols, ethers, ketones, hydrocarbons, and most 
organic solvents. It is recommended for use in the manufacture of resins, dyes, drugs, insecticides, 
rubbers, and organic chemicals. 


Boiling point 142.9°C 
Freezing point —0.0*C 
Purity 95%, min. 
Specific gravity at 25/4°C 0.928 


Table 14.183: Quinoline (2) 


Quinoline is a liquid, soluble in alcohol, ether, carbon disulfide, and in most of the common 
organic solvents, but only partially soluble in water. It is a solvent for cellulose esters and ethers 
when used with other solvents. It is used in the manufacture of dyes, photographic sensitizers, 
nicotinic acid, ond drugs. It is also used as an extraction agent and in organic synthesis. 


Boiling point 237.7°С 
Melting point —19.5*C 
Specific gravity at 20/4°C 1.005 


Distillation range 95% diatills within 2°C 
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Table 14.184: 2-Methyl-5- Vinyl Pyridine (4) 


FORMULA 


PROPERTIES 


Purity, mol percent (water-free basis) 
Boiling point, at 50mm Hg, Р 

at 160 mm Hg, F 
Freezing point, C (water-free basis) 
Water content, weight percent 
Refractive index at 25 C 
Specific gravity of liquid at 60/60 F 
Density of liquid at 60 F, Ibs/gal 
Color, Gardner 
Appearance 
Polymer content (Hexane Dilution) 
Flash point, F (TOC) 
Inhibitor content, weight percent 
(Tertiary Buty! Catechol) 


Table 14.185: 1,2,4- Trimethylpiperazine (47) 


,CH 
сн. + сн--с "CH 
2 ! в 


отта 
95.1 94.0 min * e 
212 
358 
—14.16 —15.14 min 
Ј.20 0.5 тах 
1.541 
0.962 
8.01 
1 2 тах 
Clear | 
Negative Negative min 
165 
0.1 0.05 min — 0.15 max 


TYPICAL PHYSICAL PROPERTIES 


Form 

Viscosity at 25°C. 

pH, 1% Aqueous Solution 
Boiling Point (746 mm) 
Freezing Point 


Specific Gravity 25/25°C. 
Refractive Index at 25°C. 


Fire Point, Cleveland Open Cup 


Pour Point 


SOLUBILITY 


Liquid 
1.037 cps. 


10.3 
149° - 151°C. 


<-50° 


F. 
0.851 
1.4480 
125°F. 


<-50°Е. 


Soluble in water, acetone, methanol and benzene. 


AVAILABILITY 


1,2,4-trimethylpiperazine is available in semi-commercial 


quantities. 


Table 14.186: 1,4-Bis(2-Hydroxypropyl)-2-Methylpiperazine (DHP-MP) (47) 


TYPICAL PHYSICAL PROPERTIES 


Form 

Viscosity, 25°C. 

Boiling Point (3 шт.) 

Pour Point 

Specific Gravity 25/25°C. 

Refractive Index, 25°C. 

Flash Point, Open Cup 

Color 

Molecular Weight 

pH, 1% Aqueous Solution 

Analysis, based on tertiary 
nitrogen content 


SOLUBILITY 


Liquid 

752 cps. 
145°C. 

10°F. 

1.001 

1.4803 
300°F. 

Light Yellow 
216 


10.0 
97% 


Miscible in all proportions with water, acetone, ethanol, 
benzene, heptane, and carbon tetrachloride. 


Table 14.187: Morphollne (48) 


Tetrahydro-p-Oxazine 


Molecular weight: 87.12 


Amines | 813 


% 


This commercially important secondary amine is a water-white, mobile liquid having an 
ammoniacal odor. It is very soluble in water and forms a stable solution which exhibits a 
constant composition during evaporation and distillation as well as preserving a constant 
alkalinity. The ring structure of this solvent, ds well as its ether and amine groups, gives 
it unique solvent power for a greater than usual variety of organic substances, among which 


are resins, dyes, waxes, shellac, and casein. 


It is used in permanent wave solutions for its mild alkalinity; in soaps which are emulsifying 
agents for paper coatings; in rubless polishes, lacquers, paints, insecticides, etc. It imparts 
water-resistance after drying. Its water-soluble salts have high phenol coefficients. 


Morpholine may also be used in photographic developing. 


Color, Pt - Co scale 
Boiling range, ?C 


IBP 
DP 


Purity, wt. % 
Specific gravity, 20/20°C 


Suspended matter 


Freezing point, °C 
Boiling point, °C 


Flash point, (TOC) °C 
oF 


Density, g./cc. at 20°C 

Refractive index, п20 

Surface tension, dynes/cm. at 20°C 
Viscosity, centipoises at 20°C 
Conductivity, mho/cm. x 10" 

PK, 

Dielectric constant 

Dipole moment, Debyes 

Molar polarization, Р» in benzene 
Heat capacity, cal. /mol. /deg. at 25°C 


Heat of vaporization, cal. /mol, (45-129°C) 


15 max. 


125.0 min. 
132.0 max. 


98.0 min. 
0.999 - 1.004 


Substantially free 


-4.9 
128.9 


38 
100 


0.9994 


1.4545 


2.23 


9.61 


75.3 


41.6 


9510 
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Table 14.188: Boiling Point Composition Curves for Aqueous Morpholine Solutions (79) 









BOILING ТЕМРЕРФАТИНЕ "С 


> eo то 80 
PER CENT MORPHOLINE BY WEIGHT 


Tabie 14.189: pH of Aqueous Morphoiine Solutions at 25°C (79) 


CONCENTRATION OF MORPHOLINE (PER CENT BY WEIGHT) 





Table 14.190: Viscosity of Aqueous Morpholine Solutions at 20°C (79) 





VISCONTY CENTIC§HSES 





LP] LIS ET 
А А АЕ АЕ И ЈАЈЕ О ТАЈ 
она Б Б В Б Б ЕВ БВ Я Б Цю 
а О 2 7 Te БО o К) РО бо 


PER CENT MORPHOLINE BY WEIGHT 


Amines 815 


Table 14.191: Solubility of Various Substances in Morpholine (48) 


g. Solute in 100 g. g. Solute іп 100 є. 

Substance Morpholine at 25°C Substance Morpholine at 25°C 

Acetone oc 2-Hexanone ж 

Веезмах < 1 Linseed oil 20 

Benzene x Methanol x 

Benzyl cellulose > 5 | Methylamine 33 

Butyl ether x Methylcyclohexanol 20 

Castor oil © Naphtha > 5 

Cellulose acetate > 5 Paraffin oil <1 

Cellulose nitrate >5 Paraffin wax (hot) >5 

Copal gum >5 Pine oil 0 

Dimethylamine 109 Resin » 5 

Ester gum > 5 Shellac » 5 

Ethanol ж Sulfur < 5 

2-Ethylbutanol 20 Trimethylamine 34 

Ethylene glycol ж Turpentine 20 

Ethyl ether >. Polyvinyl acetate » 5 

Glycol ether x Polyvinyl butyral >9 
Polyvinyl chloride >5 

Table 14.192: N-Ethyl Morpholine (2) Table 14.193: N-Phenyl Morpholine (2) 


(3 
| N 
CoHs 


This cyclic tertiary amine is a water-white 
liquid miscible with water. It may be used 
as a solvent for oils, dyes and resins, and 

as an intermediate in the synthesis of rubber 
accelerators, emulsifying agents, drugs, and 
dyes. 


Boiling Point . ........... 138?C. Boiling Point at 760 mm....... 268°C. 


Specific Gravity at 20/20?С. . . . 0.916 Melting Point. ........... 57°С. 


FORMATES 


Table 15.1: Methyl Formate (2) 


Esters 


HC OOCH 


3 


Methyl formate is a colorless flammable liquid with a pleasant ethereal odor. It will dissolve cellulose ethers and esters 
but will dissolve them more readily when mixed with other solvent esters or the less volatile halogenated hydrocarbons. 


Table 15.2: Ethyl Formate (2) 


Formosol 


Acidity 


Boiling point 
Color 
Distillation range 


Electrical conductivity at 25°C 
Flash point 
Melting point 
Odor initial 
Odor residual 
Purity 
Refractive index at 20°C 
Solubility in water at 20°C 
Solubility of water in solvent 
at 25° C 
Specific gravity at 20/20°C 
Vapor pressure 
0%С 
10°C 
16°C 
20°C 
25.8°С 
30°С 


Neutral to methyl orange (methyl 
formate hydrolyzes in preaence of 
water) 

31.8" С 

Water-white 

Below 31.5°C None 

Above 35.0°C None 

3.6 X 10-5 reeiprocal ohms 

— 32°C 

—99.8°C 

Pleasant, ethereal 

Non-residusl 

95% to 100% ester, by wt 

1.3431 

3095 by vol 

2495 by vol 


0.950 to 0.980 


195.0 mm of Mercury 
309.4 mm of Mercury 
400.0 mm of Mercury 
476.4 mm of Mercury 
600.0 mm of Mercury 
707.9 mm of Mercury 


НСООС „н, 


Ethyl! formate is a water-white, highly volatile and unstable liquid with a pleasant odor resembling peach kernels. It is 
partly soluble in water and miscible with benzene. |! is a powerful solvent for cellulose nitrate and acetate, yielding 
solutions of unusual low viscosity which have a tendency to chill. It is an important fumigant and larvicide for the treat- 
ment of tobacco, cereals, dried fruit and similar products. It is used as a chemical intermediate in the manufacture of 


such medicinals as sulfadiazine, thiamin (Vitamin B1), and perfumes and synthetic flavors. 


816 


(continued) 


Esters 817 


Table 15.2: (continued) 


Acidity Neutral to methy! orange (it hydro- 
lyzes in the presence of water) 
Boiling point 54.3°С 
Color Water-white 
Distillation range 51?-55*C 
Electrical conductivity at 25°C Less than 1.45 X 10- recip ohms 
Flash point —19°C 
Freezing point —80.5*C 
Purity 95% to 100% 
Refractive index at 20°C 1.3604 
Specific gravity at 20/20°C 0.900 to 0.930 
Solubility in water at 20°C 10% by vol 
Solubility of water in solvent 17% by vol 
at 20°C 
Vapor pressure at 20.6°C 200 mm of Hg 
at 30.2°C 300 mm of Hg 
Weight per gal at 68°F 7.61 lbs 


Table 15.3: Butyl Formate (2) 


НСООС HAC HAC Н.С н; 


Butyl formate is a colorless liquid, miscible with alcohols, ethers, oils, hydrocarbons and so forth. It will dissolve cellu- 
lose nitrate, some types of cellulose acetate, and many cellulose ethers. Butyl formate will also dissolve many natural 
and synthetic resins such as copals, dammar, elemi, mastic, shellac, cumar resins, ester gum and alkyds in the presence 
of ethyl alcohol. It is used as an intermediate and in perfumes. 


Acidity 0.02% max. 
Ester content 85% min. 
Boiling range 96°-110°C. 


Specific gravity 0.885-0.9108 


Table 15.4: Amyl Formate (2) 


HCOOC НІ | 


Commercial amyl formate is an anhydrous, colorless liquid composed of a mixture of isomeric amy! formates with the iso- 
ату! formate in predominance. This mixture is miscible with oils, hydrocarbons, alcohols, ketones and so forth. It isa 
solvent for cellulose esters, “Cumar”, copal, gum esters, etc. It is able, when mixed with an alcohol, to dissolve shellac 
and alkyd resin. It is a less odoriferous and more energetic solvent than amy! acetate. 1t also has both a lower boiling 
point and a greater speed of evaporation. n-Butyl acetate and amy! formate have similar volatility and have substantially 
the same solvent power which permit free interchange of these only as far as these properties allow. 


Acidity 0.05% max. 
Boiling point 130.4°С. 
Boiling range 110?-130?C. 
Flash point 80°F. 


Specific gravity 0.880-0.885 


818 Industrial Solvents Handbook 


ACETATES 


Tabie 15.5: Methyl Acetate (2) 


СН,СООСН 


3 


Methyl acetate is a water-white flammable, readily hydrolyzable liquid, witha fragrant odor. This low-boiling solvent 
was first prepared in 1835 by reacting acetic acid and methanol. It is miscible with most organic solvents and will com- 
pletely dissolve cellulose nitrate and acetate, ethy! cellulose, resins such as ester gum, rosin, "Cumar", elemi, phenolics, 
and oils such as corn, linseed, castor, neatsfoot, chinawood and cottonseed. It will only partially dissolve shellac, 
manila, dammar, pontianac, Beckacites and alkyds. In many respects, methyl acetate resembles acetone as a sol vent, 
particularly as to its boiling point, solvent power and miscibility, but its tendency to hydrolyze to methanol and acetic 
acid, in the presence of water, limits its wider use in the industries. Methyl acetate is usually admixed with higher 
boiling solvents. It is used in lacquers, paints, varnishes, enamels, perfumes, dyes, dopes, plastics, and synthetic 


finishes as weli as a substitute for acetone. 


Acidity (as acetic) 
Boiling point 
Distillation range 


Coefficient of expansion (per °C) at 20°C 


Color 
Critical temperature 
Critical pressure 
Dielectric constant at 20°C 
Dilution ratios 
Toluene 
Petroleum naphtha 
Electrical conductivity at 25°C 
Flash point (A.S.T.M. Open Cup) 


0.00595, max Freezing point 

56.9°С Heat of combustion 

55-SE°C Heat of vaporization 

0.001390 Non-volatile matter 

Water-white Refractive index at 20°C 

233.7°C Solubility in water at 20°C 

46-3 atm Solubility of water in solvent at 20°C 

73 + 0.2 Specific gravity at 20/20°C 
Surface tension at 20°C 

2.9 Vapor pressure at 20°C 

0.9 Viscosity at 20°C 

3.4 X 107* mho Weight per gal at 20°C 

—15°С 


Table 15.6: Ethyl Acetate (2) 


Acetic Ether 


СН,СООС 


3 


--98.1"С 

5371 cal/g 
104.4 cal/g 
0.005 gram per 100 cc, max 
1.3593 

24% by wt 
8% by wt 
0.9353 

24.6 дупев/ст 
173 mm Hg 
0.00381 poises 
7.783 lbs 


28 


Ethyl acetate is a water-white, flammable liquid with a pleasant, fruity odor. The 85 to 88 per cent grade of ethyl acetate 
suitably denatured is generally used for commercial purposes but 95 and 99 percent grades are also available. It is miscible 
with most organic solvents such as alcohols, ketones, esters, aromatic, aliphatic and halogenated hydrocarbons. 1t dis- 
solves such materials as nitrocellulose, camphor, oils, fats, waxes, gums and natural and synthetic resins. It will tolerate 
fairly large amounts of lacquer diluents and like methyl acetate it not only has a wide range of solubilities but it possesses 
the unique property of dissolving nitrocellulose, cellulose acetate and cellulose ethers yielding solutions of low viscosity. 
Its solvent power for cellulose derivatives is much improved, however, by adding a small quantity of alcohol. 


(85 to 88%) 


Acidity (as acetic acid) 

Blush resistance at 90°F (10% 
$ sec. RS. nitrocellulose 
solution) 


Coefficient of cubical expansion 
(ordinary temperatures) 


Color 
Critical temperature 
Critical pressure 
Dilution ratio 

Toluol 

Petroleum naphtha 
Distillation range 


Dryness 


Electrical conductivity at 25°C 
Evap. rate at 95°F (in min.) 
5% 
25% 


0.01% by wt, max 


Clear 45% Relative humidity 
Bluish 50% 


0.00073 per “Е 
0.00132 per °C 
Water-white 
250.1°С 

37.8 atmosphercs 


3.5 

1.1 

Below 70°C Nonc 

Below 72°C Not morc than 10% 

Above 80°C None 

Miscible without turbidity with 20 volumes 
60° Bé gasoline at 20°C 

Less than 1 X 10^* reciprocal ohms 


Flash point 

Frcezing point 

Non-volatile matter 

Refractive index at 20°C 

Solubility in water at 25°C 

Solubility of water in solvent at 
25°C 

Specific gravity at 20/20°C 

Viscosity at 20°C 

Weight per gal at 68°F 


Acidity (as acetic) 

Blush resistance at 90°F (10% 4 
gec. R.S. nitrocellulose solu- 
tion) 


Coefficient of expansion per 1°F 
per 1°C 

Color 
Dilution ratio 

Toluol 

Petroleum hydrocarbon 
Distiliation range 
Dryness at 20°C 


—5°C (23°F) 

—82.4°C 

0.003 gram per 100 cc, max 
1.3725 

9.7% by vol 

9.8% by vol 


0.883 to 0.888 
4.546 millipoises 
7.36 !bs 


(95 to 98%) 


0.01% by wt, max 


Clear 30% Relative humidity 
Blush 55% 

0.00074 

0.00133 

Water-white 


3.2 

1.0 

74 to 80°C 

Miscible without turbidity with 20 
vol 60° Bé gasoline 


(continued) 


Table 15.6: (continued) 


(95 to 98%) 
Evap. rate at 95°F (in min) 


5% 1 
25% 14 
50% 34 
75% 6 
909, 73 
95% 8 


26°F (approximate) 
0.003 gm per 100 cc, max 


Flash point 
Non-volatile matter 


Solubility of waterinsolventat 4% by vol 
25°C 
Specific gravity at 20/20°C 0.895 to 0.900 


‘Viscosity (10% 4 зес. пи госе!- 33 centipoises 
lulose solution) 
Water No turbidity when mixed with 19 vol- 
umes of 60° Bé gusoline at 20°C 
Weight per gal at 20°C 7.47 Ibs 
(99 to 100%) acctic ether grade 
Acidity (as acetic) 0.01% by wt, max 
Blush resistance at 90°F (10% 4 
sec. R.S. nitrocellulose solu- 
tion) Clear 55% Relative humidity 
Blush 60% 
Coefficient of expansion per1°F 0.00074 
рег 1°С 0.000133 


Table 15.7: n-Propylacetate (41) 


Color 
Dilution ratio 
Toluol 
Petroleum naphtha 
Distillation range 
Electrical conductivity at 25°C 
Evap. rate at 95°F (in min.) 
5% 
2570 
50% 
75% 
90% 
95% 
Explosive limits 
Flash point 
Freezing point 
Heat of combustion 
Heat of vaporization at 0°C 
at 80°C 
Non-volatile matter 


Esters 819 


Water-white 


3.0 

1.0 

75 to 80°C 

3.2 Ж 107 recip ohms 


9 
104 
2.26-11.4% 
0.5°C 
—82.4*C 
538 kg. cal/mole 
102 cal/gm 
102.9 cal/gm 
0.003 gram when 100 cc, max 


СН,СООС,Н 


3 


3 7 


The properties of n-propyl acetate are, approximately, intermediate between those of ethyl and n-butyl acetates. It is 
miscible with alcohols, ketones, esters, oils and hydrocarbons and is a good solvent for nitrocellulose and a wide range 
of cellulose derivatives, especially when it is admixed with the aromatic hydrocarbons or the lower aliphatic alcohols. 
It will also dissolve natural and synthetic resins like elemi, "Cumar" resins, ester gum, manila, mastic, rosin and sandarac. 
It is used principally as a low-boiling component in nitrocellulose lacquer formulations. 


Molecular Weight (Theorctical) 102.08 
Color (Pt-Co Scale), max 15 
Weight/Vol, 20°C, 

ib/gal (U.S.) 7.39 

kg/liter 0.89 

Ib/gal (Imperial) 8.87 
Solubility. 20°C, wt % 

In water 2.3 

Water in 2.6 
Evaporation Rate (n-butyl! acetate 1) 2.3 
Dilution Ratio, toluene 3.2 

VM & P naphtha 1.5 

Refractive Index, 20°C 1.3844 
Vapor Pressure, 20°C, mm Hg 23 
Specific Gravity, 20°/20°C 0.885 


Boiling Rangc, 760 mm. °C 

Initial Boiling Point, min 

Dry Point, max 
Freezing Point, °F (°C) 

Flash Point. Tag Closed Cup. °F (°C) 
Tag Open Cup, °F (°C) 

Fire Point, °F (°C) 

Flanunable Limits in Air, %. by volume 

Lower, at 100°F (38°C) 

Upper, at 200°F (93°C) 
Autoignition Temperature (ASTM D-2155), °F (°C) 
NFPA Classification 30: 

ICC Labels Reguired 
Burcau of Explosives Classification 


99 

103 

-131 (-93) 
53 (13) 
58 (14) 
70 (21) 
1.7] 

7.93 

855 (457) 
iB 

Red 


Flammable Liquid 
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Table 15.8: Isopropyl Acetate (2) 


CH,CO ОСН(СН,), 


Isopropyl acetate is a water-white pleasont-odored liquid with properties intermediate between ethyl and butyl acetates. 
It is miscible with most of the common organic solvents such as alcohols, ketones, esters, oils, hydrocarbons, etc., and 
it is a solvent for nitrocellulose, cellulose acetate (of low viscosity) and a wide range of oils, fats, waxes, gums and 
natural and synthetic resins. Like n-propyl acetate, its solvent power for cellulose esters is increased when lower ali- 
phatic alcohols are added. It is largely used in the lacquer industry where its slow evaporation rate and blush resistance 
are of importance. It is also used in the manufacture of plastics, artificial leather, dopes, films, cements, and in the 
recovery of acetic acid from aqueous solutions. 


Acidity (as acetic) 0.02% by wt, max Flash point (Tag Closed Cup) 39?r 
Boiling point at 760 mm 88.6°C Freezing point —73.4°С 
Coefficient of expansion per °F 0.000727 Heat of vaporization 79.4 cal/gm 
Color Watcr-white Non-volatile matter 2 mg per 100 cc, max 
Dilution ratios Refractive index, N 20/D 1.3772 
Toluene 27 Solubility of water in solvent 3.2% by wt 
УМ. апа Р. naphtha 0.92 Specific gravity at 20/20°C 0.866 to 0.871 
Distillation range 84 5-00?С Specific heat at 15-25°C 0.521 cal/gm 
Electrical conductivity at 25°C 5.7 X 107 recip ohms Surface tension at 25°C 24.5 dynes/cin 
Evaporation rate at 95°F (in minutes) Vapor pressure at 10°C 26.2 mm Hg 
5% 1 20°C 45.7 mm Hg 
25% 13 30°С . 76.1 mm Hg 
50% 4} 40°C 121.8 mm Hg 
75% 7h Viscosity at 20°C 0.00525 poises 
90% 103 Weight per gallon at 20°C 7.23 lbs 
95% 114 


Constant Boiling Mixtures 


%by Wt B.P. -C 
Isopropyl Acetate 47.7 Isopropanol 52.3 80.1 
89.4 Water 10.6 76.6 


Isopropy! Acetate 


Table 15.9: n-Butyl Acetate (2) 


С НСО ОС HAC НС HAC Ha 


This ester is a water-white liquid with a characteristic fruity odor which is less pronounced than the odor of amy! acetate. 
It is miscible with alcohols, ketones, esters and most of the common organic solvents. It is a solvent for nitrocellulose 
and cellulose ethers, especially when previously mixed with active or latent solvents. It will dissolve oils, fats, waxes, 
metallic resinates, camphor, "Cumar" resins, dammar, ester gum, elemi, kauri, manila, mastic, pontianac, rosin, sandarac, 
chlorinated rubber, and such synthetic resins as the vinyls, polystyrene, and acrylates. In combination with 20 per cent 
of butyl alcohol, butyl acetate will dissolve the less highly polymerized alkyd resins and shellac. Owing to its power of 
imparting low viscosity, gum compatibility, and good working qualities, it is classed among the best medium boiling sol- 
vents for nitrocellulose. Its volatility meets the demands of a lacquer solvent because it is sufficiently high to leave the 
film readily and at the same time low enough to prevent blushing. When combined with butyl! alcohol it will prevent 
gum-blush, cotton-blush and chilling. Its largest use is asa solvent in the manufacture of nitrocellulose lacquers for 
protective coatings, artificial leather and coated paper, plastics, polishes, safety glass, in perfumes, and flavoring 


materials. 


(continued) 


Table 15.9: (continued) 


Acidity (as acetic) 

Boiling point at 760 mm Hg 

Coefficient of cubical expansion 
(ordinary temperatures) 


Color 
Dielectric constant at 20°C 
Dilution ratio 

Toluol 

Petroleum naphtha 
Distillation range 


Evaporation rate at 95°F (in 
minutes) 
5% 
25% 
50% 
75% 
90% 
959, 
Flash point 
Heat of vaporization 
Freezing point 
Non-volatile matter 
Residue 
Refractive index at 20°C 
Solubility in water at 25°C 
Solubility of water in solvent 
at 25^C 
Specific gravity at 20/20°C 
Vapor pressure at 0° C 
25°C 
50°C 
Viscosity at 25°C 
Weight per gallon at 20°C 


Table 15.10: sec-Butyl Acetate (2) 


Esters 821 
88-92% 98-1007; 
0.01% by wt, max Acidity (as acetic) 0.01% by wt, max 
126.5°С Boiling point 126.5°C 
Coefficient of expansion per1°F 0006 
0.00067 per°F рег 1°С 0.0011 
0.00121 per°C Color (A.P.H.A.) 10 max 
Water-white Dilution ratio 
5.0 Toluol 3.05 
Petroleum naphtha 1.40 
2.9 Distillation range 123°-128°C 
1.4 : Electrical conductivity at 25°C 12 Х 10 гесір ohms 
Below 115°C None Flash point 82°F approx 
Below 120°C Not more than 8% Fractionation: IP. 114.3° 
Above 130°C Not more than 5% 10% 116.0 
Above 135°C None 25% 116.9 
50% 117.4 
75%, 117.6 
1} 90% 117.6 
64 ЕР. 118.1 
134 Heat of vaporization 73.8 cal/gm 
224 Non-volatile matter Negligible 
34 Refractive index at 20°C 1.3951 
341 Solubility in water at 25°C 0.78% by wt 
28°C Solubility of water in solvent 2.88% by wt 
73.8 calories per gm at 25°C 
—76.8°С Speeific gravity at 20/20°C 0.879 to 0.883 
0.005 gram per 100 cc, max Specific heat at 21-27°C 0.505 cal/gm 
None Surface tension at 27°C 27.6 дупев/ст 
1.3947 Vapor pressure at 20°C 9.0 mm Hg 
0.5% by vol Viscosity at 25°C 0.00693 poises 
1.6% by vol Weight per gallon 7.76 lbs 
Constant Boiling Mixtures 
0.872 to 0.880 ое Бу Wt ™ by Wt B.P. °C 
3.0 mm Hg n-Butyl acetate 54.0 n-Butanol 46.0 118.0 
15.0 mm Hg n-Butyl acetate 60.0 n-Propanol 30.0 94.2 
45.0 mm Hg n-Butyl acetate 48.0 Isopropanot 52.0 80.1 
0.671 centipoiscs n-Butyl acetate 71.3 Water 28.7 90.2 
7.28 Ibs 
Ternary Mixtures 
B.P. 
n-Butyl acetate 35.3% 
n-Butanol 27.4% 89.4°C 
Water 37.3% 
снсоосн(снусн,сн; 


sec-Buty! acetate is a colorless, flammable liquid with a fruity odor. It is miscible with castor and linseed oils and hydro- 
carbons, and will dissolve nitrocellulose, cumarone, elemi, ester gum, kauri, mastic, manila, pontianac, asphalt and 
tar. It has only partial solubility for dammar and shellac. Its solvency is very similar to n-butyl acetate but it has a lower 
boiling range, less blush resistance and will evaporate with greater rapidity. For this reason, to replace n-butyl acetate 

it is necessary that this solvent should be mixed with slower evaporating solvents that can make up for its quicker rate of 
evaporation. It is largely used in the manufacture of nitrocellulose lacquers and similar types of coatings used in airplane 
dopes, artificial leather, celluloid products, coated paper, patent leather, and textile sizing and printing compounds. 


Acidity (as acetic) 


Blush resistance at 60°F 


Coefficient of expansion per 1°F 


Color 

Distillation range: 
Below 104°C 
Below 111°C 
Below 114°C 
Below 118°C 
Above 130°C 


0.0392 by wt, max 


Blush 80% 
0.00063 
0.00113 
Water-white 


per 1°C 


None 

Not more than 10% 
Not more than 60% 
Not less than 90% 
None 


Clear 75% Relative humidity 


(continued) 
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Table 15.10: (continued) 


Evaporation rate at 95°F (in 


A Won volatile matter 0.005 gm per 100 сс, тах 
5% і Residue None 
о Refractive index, N 25.3/D 1.3500 
25% 34 Пе аи о А са 
50% s} pecific gravity at 20/20°C 0.562-0.860 
259, 134 Solubility in water 0.74% by wt 
0 Solubility of water in solvent 2.1% by wt 
90% 163 o 
95% 18 at 25°C 
0 А o : 
lush paint 66°F Weight per gal at 20°C 7.19 lbs (approx.) 


Table 15.11: Isobutyl Acetate (41) 


CH4COOCH,CH(C На), 
lsobuty! ocetate is a medium-boiling solvent, colorless and with o mild, fruity ester odar. The commercial grade has on 
ester content of 88 to 92 percent, the bolonce being substantially isobutyl alcohol. The solvent power of this ester is 
similar to the normal und secondary acetates. It is miscible with most organic solvents and will dissolve a large number 
of oils, waxes ond natural ond synthetic resins, With the limitation set by Rule 66 on the use of branched chain ketanes 
ond oromutic solvents, isobuty! acetete is on economical replacement for MIBK ond by hoving o similor evaporation rate, 


can be formuloted in toluene replacements. 


Molecular Weight (C,H, 203) 116.2 Boiling Range, 760 mm, °C 
Color (Pt-Co Scale), max 10 Initial Boiling Point, min 112 
Weight/Vol, 20°C, Dry Point, max 119 
16/ва! (О.5.) 7.25 Freezing Point, °F (°C) -146 (-99) 
kg/liter 0.87 Flash Point, Tag Closed Cup, ^F (^C) 69 (20) 
Ib/gal (Imperial) 8.70 Tag Open Cup, ^F (^C) 75 (24) 
Solubility, 20°C, wt % Fire Point, °F (°C) 88 (31) 
In water 0,7 Flammable Limits in Air, % by volume 
Water in 1.6 Lower, at 200°F (93°C) 1.27 
Evaporation Rate (n-buty] acetate = 1) 1.4 Upper, at 200°F (93°C) 7.5 
Dilution Ratio, toluene 27 Autoignition Temperature (ASTM D-2155), °F (°C) 800 (427) 
VM & P naphtha 1.1 NFPA Classification 30: 1B 
Refractive Index, 20°C 1.3997 DOT Labels Required Red 
Vapor Pressure, 20°C, mm Hg 12.5 DOT Classification Flammable Liquid 
Specific Gravity, 20°/20°C 0.870 


Table 15.12: Amyl Acetate (2) 


Banana Oil 

Amyl Acetic Ether СН„СООС „Н 
3 51 

Isoamyl Acetate 


Amyl acetate is a colorless, flammable liquid with an odor resembling bananas or pears. Its exceptional solvent power 
places it among the first solvents in the nitrocellulose lacquer industry. The amy! acetates are made by the acetylation 
of fusel oil or synthetic amy! alcohols. Amy! acetate is miscible with oils, hydrocarbons, alcohols, ethers and esters, 
and will dissolve such substances as camphor, elemi, ester gums,copal ester, copals, dammar, kauri, rosin, sandarac, 
tannins, waxes, zanzibar and "Cumar" resins, and when it is mixed with alcohol it will dissolve some alkyd resins. It is 
a good solvent for cellulose esters and ethers, the solvency of which is increased when combined with ethyl alcohol. Amyl 
acetate is used extensively as a solvent in nitrocellulose lacquers, both for its solvency and its power to impart blush re- 
sistance, good flow, gloss and toughness. It is also used in making smokeless powder, artificial leather and pearls, air- 
plane dopes, waterproofing compositions, varnishes, dry cleaning compounds, bronzing liquid, films, celluloid, rayon, 
linoleum, oilcloth, fruit flavors, soft drinks, food preparations, confectionery, perfumes, soap solvent, and in photo- 
engraving. 


85-88% technical grade 


Acidity (as acetic) 0.0395 by wt, max 
Blush resistance at 90°F (10% } 
sec R.S. nitrocellulose solu- 
tion} Clear 80% Relative humidity 
Blush 85% 
Coefficient of expansion per1°F 0.00066 
рег1°С 0.00119 


Color Water-white 
Dilution ratio 
Toluol 27 


Petroleum naphtha 1.4 (continued) 


Table 15.12: (continued) 


85-88% technical grade 


Distillation range 
Below 110°C 
Below 120°C 
Below 130°C 
Below 140°C 
Above 150°C 

Dryness 


Evaporation rate at 95°F (in 
minutes) 
5% 
25% 
50% 
75% 
90% 
95% 
Flash point 
Non-volatile matter 
Solubility of water in solvent 
at 25°C 
Specific gravity at 20/20^C 
Viscosity (10% } зес. R.S. nitro- 
cellulose solution) 
Weight per gal at 20°C 


Not.more than 15% 
Not more than 30% 
Not more than 55% 
Not less than 830% 


None 


Miscible without turbidity with 20 
vols 60° Bé gasoline at 20°C 


1 

6 
154 
284 
41 
474 
63°F 


0.005 gm per 100 cc, max 


2.4% by vol 


0.857-0.865 


43 centipoises 


7.17 lbs 


(High Test 85-88%) 


Not more than 0.03% 


Acidity (as acetic) 
Blush resistance at 90°F (10% 4 
sec. R.S. nitrocellulose solu- 


tion) 
Coefficient of expansion per 1°F 
per 1°C 
Color 
Dilution ratio 
Toluol 


Petroleum naphtha 
Distillation range 

Below 110°C 

Below 120°C 

Below 130°C 

Below 140°C 

Below 150°C 
Evaporation rate at 95°F (in 

minutes) 

5% 

25% 

50% 

75%, 

90% 

95% 
Flash point 


Clear 85% Relative humidity 
Blush 90% 


0.00066 
0.00119 


Water -white 


2.5 
1.4 


Мопе 


Not more than 10% 
Not more than 40% 
Not less than 60% 


None 


ц 

8] 
184 
30 
45 
512 
84°F 


Table 15.13: sec-Amyl Acetate (2) 
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(High Test 85-8895) 


Non-volatile matter 

Odor 

Odor residual 

Purity 

Solubility of water in solvent at 
25°C | 

Specific gravity at 20/20°C 

Viscosity (10% $ sec. R.S. ni- 
troceliulose solution) 

Weight per gal at 20° C 


Not more than 0.005 gm per 100 cc 
Mild 

Non-residual 

Ester content as amy! acetate 85-88% 
100 cc solvent dissolves 1.8 cc water 


0.850-0.863 
G1 centipoises 


7.17 158 


90-96 rade 


Acidity (ns acetic) 

Blush resistance at 90°F (10% 
4aec.R.S. nitrocellulose soiu- 
tion) 


Coefficient of expansion 
per 1°F 
per 1°C 
Color 
Dilution ratio 
Toluol 
Petroleum naphtha 
Evaporation rate at 95°F (in 
minutes) 
5% 
25% 
50% 
75% 
90% 
95% 
Flash point 
Distillation range 
Below 110°C 
Below 120°C 
Below 130°C 
Below 140°C 
Above 150°C 
Non-volatile matter 
Residuc 
Solubility in water at 25°C 
Solubility of water in solvent at 
25°C 
Specific gravity at 20/20°C 
Viscosity (10% 4 sec. R.S. ni- 
troceliulose solution) 
Weight per gal at 20°C 


CH,COOC,H 


3 


5 11 


0.035% by wt, max 


Clear 85% Relative humidity 
Biush 90% 


0.00061 
0.00110 
Water-white 


2.6 
1.4 


1} 

7 
15} 
251 
35 
40 
79*F 


None 

Not more than 10% 

Not more than 70% 

Not less than 90% 

None 

0.005 gram per 100 cc, max 
None 

2% by vol 

295 by vol 


0.868 to 0.872 


GO centipoises 
7.22 lbs 


This medium boiling solvent is a water-white liquid made by acetylation from the secondary amyl alcohols (pentanol-2 and 
pentanol-3). Although its solvent power is not equal to that of amyl acetate because it has a lower tolerance for diluents, 
as well as a less desirable odor, it has many similar properties and it is used as a nitrocellulose and ethyl cellulose solvent. 


Acidity (as acetic) 

Blush resistance at 90°F (10% 
$ вес. R.S. nitrocellulose solu- 
tion) 

Coefficient of Expansion 
per 1°F 
per 1°C 

Color 

Dilution ratio 
Toluol 
Petroleum -naphtha 


0.03% by wt, max 
Clear 85% Relative humidity 
Blush 90% 


0.00060 
0.00108 
Water-white 


2.1 
1.1 


(continued) 
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Table 15.13: (continued) 


Table 15.14: Pentacetate (2) 


Distillation range 
Below 123°C 
Below 126°C 
Below 132°C 
Below 140°C 
Above 145°C 

Evaporation rate at 95°F (in 
minutes) 

5% 
25% 
50% 
75% 
90% 
95% 


Flash point 

Non-volatile inatter 

Residue 

Specific grivity at 20/20°C 

Solubility qf water in solvent at 
23°C 

Viscosity (10% $ see. R.S. nitro- 
cellulose solution} 

Weight per gal at 20°C 


None 

Not more than 10% 
Not more than 60% 
Not lesa than 90% 
None 


là 

73 

154 
244 
304 
331 
х9 Е 
0.005 gm per 100 cc, max 
None 
0.862-0.806 
0.8% by vol 


75 centipoises 


7.19 ibs 


Pentacetate made from synthetic amyl alcoho! is a mixture of five isomeric amy! acetates with some free amy! alcohol. 

It is soluble in methanol, ethy! ether, ethyl acetate, fixed oils, acetone, oleic acid, hot stearic acid, and aromatic and 
aliphatic hydrocarbons. It is soluble in hot paraffin and carnauba waxes but these congea! on cooling. It is insoluble in 
water. The solvent power of this mixture being similar to that of amyi acetate, pentacetate finds its most important use in 
the manufacture of nitrocellulose lacquers. It is also used as an extractant in the production of penicillin. It also finds 
use in various types of poison bait. 


Some of the esters to be found in Pentacetate are: 


В.Р, 
CH;CILCH;CH.CH;O00CCH; 148*C 
(CH;j;,CHCH;CH;O00CCH; 142°C 
CH;Cll:,CH(CH;)CH:O00CCH; 142°C 
CH;CH (OOCCH;)CH;CH;CH; 134°C 
СН;СН:СН(ООССН,)СН;СН; 132°C 


Acidity (as acetic) 
Coefficient of expansion at 10 
to 35°C 
Color 
Distillation range 
100% 
95%, 
75%, 
25% 
End point 
Dilution ratio 
Toluol 
Petroleum naphtha 
Evaporation rate at 114.8°F 
Minutes 3.92 
Minutes 7.92 
Minutes 12.50 
Minutes 20.00 
Flash point (Open Cup) 
Heat of vaporization 
Non-volatile 
Refractive index at 20°C 
Specific gravity at 20/20°C 
Solubility in water 
Solubility of water in solvent 
Viscosity at +40°C 
— 40°C 
Water azeotropic mixture at 
92-95°C 


Water content 
Weight per gal 


0.0395 by wt max 
0.00110 per *C 


Water-white 


Above 126°C 
Above 130°C 
Above 135°C 
Above 140°C 
Not above 150°C 


2.1 
1.3 


25% 

50% 

75% 

100% 

107°F 
68.5 cal/gm 
0.005 gm/100 cc max 
1.4013 
0.860-0.870 

1% by vol 
1.5% by vol 
0.683 centipoises 
3.464 centipoises 
67% Pentacetate (approx) 
33% water by vol 


None 
7.21 lbs 
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Table 15.15: Methyl Amy! Acetate (2) 


Methyl Isobutyl Carbinol Acetate сн;соосн(снусн,с НСА) 2 


Methyl amy! acetate is a colorless liquid with a mild and pleasant odor. This medium boiling solvent is used in nitro- 
cellulose lacquer fabrication producing such advantages as blush resistance, reduction of "orange peel" in the lacquer 
film, and no swelling of oilbase undercoats. 


Acidity (as acetic) 0.02% by wt, max Color Water-white 
Boiling range at 760 mm Below 140°C None Dryness Miscible with 19 vol 60° Bé gasoline 
Above 150°C None at 20°C 
Not more than 5% distills below Purity 95% by wt, max 
143°C | Specific gravity at 20/20?C 0.855 to 0.860 
Not less than 9595 distills below Weight per gal at 20*C 7.14 lbs 
148°C 


Table 15.16: 2-Ethy! Buty! Acetate (2) 


2-Ethyl butyl acetate is a colorless liquid having a mild odor. It is a solvent for nitrocellulose, gums and resins, and is 
employed as a high-boiling solvent in lacquers. 


Acidity (as acetic) 0.01% by wt, max Boiling range 155°-164°C 
Color Water-white Purity 90% min 

: . a Dryness Miscible with 19 vols Bé gasoline at 20°C 
Specific gravity 0.875 to 0.881 at 20°C Average weight 7.33 1bs/gal (20°C) 


Table 15.17: 2-Ethylhexyl Acetate (41) 


Ethylhexy! acetate is a water-white, stable liquid. It will dissolve nitrocellulose and many of the natural and synthetic 
resins. |t is used in slow-evaporating preparations such as brushing and dipping lacquers, mist coatings, baking finishes 
and lacquer emulsions. 


Molecular Weight (C 9H 5,03) 172.26 Fire Point, °F (°C) 187 (86) 
Color (Pt-Co Scale), max 15 Flammable Limits in Air, % by volume 
Weight/Vol, 20°C. Lower, at 200°F (93°C) 0.76 
ЇБ/ да! (0. 5.) 7.26 Upper, at 300°F (149°C) 8.14 
kg/liter 0.87 Autoignition Temperature (ASTM D-2155), °F (°C) 515 (268) 
lb/gal (Imperial) 8.71 NFPA Classification 30 ША 
Solubility, 20°C, wt % DOT Labels Required None 
In water 0.03 DOT Classification Nonhazardous Liquid 
Water in 0.55 Color (Pt-Co Scale), ppm, max 15 
Evaporation Rate (n-butyl acetate = 1) 0.03 
Dilution Ratio, toluene 1.4 Specific Gravity, 20°/20°C 0.870-0.875 
| VM & P naphtha 0.9 Acidity, as acetic acid, wt %, max 0.02 
Refractive Index, 20°C 1.4103 
Vapor Pressure, 20°C, mm Hg 0.4 Boiling Range, 760 mm, °C 
Specific Gravity, 20°/20°C 0.872 Initial boiling point, min 192.0 
Boiling Range, 760 mm, °C Dry pcint, max 205.0 
Initial Boiling Point, min 192.0 | 
Dry Point, max 2050 Ester Content, wt %, min 95.0 
Freezing Point, °F (°C) -- 135 (-93) Water, wt %, тах 0.2 
Flash Point, Tag Closed Cup, °F (°C) 160 (71) . 
Tag Open Cup, °F (°C) 175 (79) Odor Mild 


Table 15.18: Cyclohexyl Acetate (2) 


Hexalin Acetate 

H d 
Hexahydrophenyl Acetate С 4000 
Adronol Acetate 


Cyclohexyl acetate is a colorless, water-insoluble liquid with an odor resembling that of amyl acetate. It is miscible in 
all proportions with most of the lacquer solvents and diluents, with halogenated and hydrogenated hydrocarbons, and will 
completely dissolve waxed dammar and unrun congo copal. It is a good solvent for cellulose ethers and nitrocellulose 
and has powerful solvency for basic dyes, blown oils, raw rubber, metallic soaps, driers, shellac, bitumens, and a wide 
range of natural and synthetic resins and gums. It is used in spraying and brushing lacquers importing blush resistance 
and good flow. (continued) 
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Table 15.18: (continued) 


Boiling range 160-180°С 
Color Water-white 
Flash point 64°C 
Freezing point —65°С 
Purity 88-95% min 
Residue None 
Refractive index 1 1.435-1.445 
Specific gravity at 20°C 0.988-0.972 
Water None 
Viscosity (S.U.V. at 100°F) 32 


Table 15.19: Methyl Cyclohexanyl Acetate (2) 


Sextate 

Methyl! Hexalin Acetate 
Hexahydrocresol Acetate 
Hexahydromethylphenol! Acetate 


Methyl cyclohexanyl acetate is a colorless high-boiling liquid having an ester-like odor. [ts miscibility and solvent 
action are quite similar to those of cyclohexany! acetate but it is slower acting. It is a solvent for nitrocellulose, basic 
dyes, rubber, bitumens, oils, fats and waxes, and for such resins as dammar, elemi, manila, mastic, rosin, ester gum, 
phenolic and vinyl resins. It will dissolve, in a lesser degree, shellac, kauri and cellulose acetate. |t is used asa 
high-boiling solvent in nitrocellulose lacquers for both spraying and brushing purposes. Its solvency and slow rate of 
evaporation impart resistance to blushing and good working qualities and produce films that are smooth, homogeneous 
and glossy. Its dilution ratio with various diluents are as follows: 


Xylene 2.5 

Toluene 2.5 

Benzene 2.0 

White spirits 1.5 

Acidity 4.04% (max.) 
Ester content 80-90% 
Boiling range 175°-190°С. 
Flash point 66?-69?C. 


Specific gravity 0.95 


Table 15.20: Ethylene Glycol Monoacetate (2) 


СВ ОН 
CH,OOCC На 


Ethylene glycol monoacetate is a colorless, odorless liquid and is structurally a primary alcohol and an ester. It is made 
by combining a dihydric alcohol and a monocarboxylic acid. It will mix completely with water and many of the lacquer 
solvents. Ethylene glycol monoacetate will dissolve cellulose esters and ethers and many of the resins. 


Boiling point 181°C. 
Specific gravity 1.109 (20°C .) 
Flash point 102°C. 


Table 15.21: Ethylene Glycol Diacetate (2) 


С H,OOCCH 
CH,OOCCH 


3 
3 


Glycol diacetate is a colorless liquid having a faint odor resembling that of ethy! acetate. It will dissolve a wide range 

af cellulose esters, camphor, dammar, ester gum, elemi, mastic, rosin and sandarac. When it is mixed with active sol- 

vents its range of solubility is increased for a wide variety of cellulose esters and ethers and for natural and synthetic resins. 
(continued) 


Table 15.21: (continued) 


Esters 827 


Molecular Weight (CgH, 904) 146.15 
Color (Pt-Co Scale), max 15 
Weight/Vol, 20°C, 
Ib/gal (U.S.) 9.21 
ke/liter 1.11 
Ib/gal (Imperial) 11.04 
Solubility. 20°C, wi % 
In water 16.4 
Water in 7.6 
Evaporation Rate (n-buiv! acetate = 1) 0.02 
Dilution Капо. toluene 1.4 
Refractive Index, 20°C 1.4159 
Vapor Pressure. 20°C. mm Hg 0.2 
Specific Gravity. 20°/20°C 1.107 
Boiling Range, 760 mm, °C 
Initial Boiling Point, min 187.0 
Dry Point, max 193.0 
Freezing Point, °F (°C) 43 (42) 
Flash Point. Tag Closed Cup, °F (°C) 191 (88) 
Cleveland Open Cup, °F (°C) 210 (99) 
Fire Point, °F (°C) 210 (99) 
Flammable Limits in Air, # by volume 
Lower, at 275°F (135°C) 1.6 
Upper, at 310°F (154°C) 8.4 
Autoignition Temperature (ASTM D-2155), °F (°C) 900 (482) 
NFPA Classification 30: ША 
None 


DOT Labels Required 
DOT Classification 


Nonhazardous Liquid 


Table 15.22: Ethylene Glycol Monomethyl Ether Acetate (79) 


Methyl CELLOSOLVE Acetate 
ARCOSOLV EMA 


Typical Properties 


Formula Molecular Weight 118.14 
Apparent Specific Gravity at 20/20°C 1.0055 
Pounds per Gallon at 20°C 8.37 
Boiling Point at 760 mm Hg, “С 145.0 
Vapor Pressure at 20°C, mm Hg 2 
Freezing Point, С -65.1 
Absolute Viscosity at 20°C, cP 1.1 
Solubility at 20°C, % by wt 

In Water Compiete 

Water In Complete 
Flash Point, Closed Cup, °F * 121 
Relative Evaporation Rate (nBuAc = 100) 31 
Heat of Vaporization, Btu/ib 

At 1 Atm 147 

At 300 mm Hg 156 
* Determined by Tag Closed Cup, ASTM Method D56. 

Table 15.23: Ethylene Glycol Monoethyl Ether Acetate (41) 
CELLOSOLVE Acetate сн,ос,н, 


Eastman EE Acetate 
ARCOSOLV EEA сн, 
Glycol Ether EEA 


OOCCH, 


This is a water-white liquid with a mild, characteristic odor. It is widely used as a solvent in nitrocellulose lacquers 
where it imparts gloss, flow, and prevents blush. 
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Table 15.23: (continued) 


Molecular Weight (CsH:203) 


Typical Properties 


132.16 


Boiling Range at 760 mm, °C 


Colot (Pt-Co Scale), max 15 Initial Boiling Point, min 
Weight/Voi at 20°C, Dry Point, max 
Ib/gal (U.S.) 8.11 Freezing Point, °F (°C) 
kg/L 0.98 Flash Point, Tag Closed Cup. °F (°C) 
Ib/ga! (Imperial) 9.73 Tag Open Cup, *F (*C) 
Solubility al 20°C, wt % Fire Point, *F (*C) 
in water 23.8 Fiammable Limits in Air, % by volume 
Water in 6.5 Lower, at 200°F (93°C) 
Evaporation Rate (n-buty! acetate = 1) 0.2 Upper, at 275°F (135°C) 
Dilution Ratio, toluene 2.5 Autoignition Temperature (ASTM D 2155), °F (°C) 
VM & P naphtha 0.9 NFPA Classification 30 
Refractive index at 20°C 1.4030 DOT Classification 
Vapor Pressure at 20°C, mm Hg 1.7 DOT Labels Required 
Specific Gravity at 20/20°C 0.973 


Table 15.24: Ethylene Glycol Monobutyl Ether Acetate (47) 
Butyl CELLOSOLVE Acetate 


SOLV EB Acetate 


Eastman EB Acetate 


Glycol Ether EB Acetate 


ARCOSOLV EBA 
Giycol Ether EBA 


О 


Ms з H.—O—C,H, 


150 
160 
-78 (-61) 
130 (54) 
139 (59) 
144 (62) 


1.24 

12.7 

720 (382) 
| 


Combustible Liquid 


None 


This is a high boiling glycol ether ester solvent particularly useful as a coalescing aid for latex paint. With its 
limited water solubility and its general solvent properties, it is found useful in multicolor lacquers and lacquer 


emulsions. 


Typical Properties 


Molecular Weight (С„Н.,О) 160.21 
Color (Pt-Co Scale), max 15 
Evaporation Rate (n-butyl acetate 7 1) 0.03 
Weight/Vol, 20°C, 
Ib/gal (U. S.) 7.84 
kg/litre 0.94 
Ib/gal (Imperial) 9.42 
Solubility, 20°C, wt % 
[n water 1.1 
Water in 16 
Dilution Ratio, toluene 1.8 
VM & P naphtha 1.2 
Refractive Index, 20°C 1.4200 
Vapor Pressure, 20°C, mm Hg 0.29 
Specific Gravity, 20°/20°C 0.942 
Boiling Range, 760 mm, °C 
Initial Boiling Point, min 186 
Dry Point, max 194 
Freezing Point, °F (°C) -83(-64) 
Flash Point, Tag Closed Cup, °F (°C) 160 (71) 
Tag Open Cup, *F (^C) 177 (81) 
Fire Point, ^F (°C) 180 (82) 
Fiammable Limits in Air, % by volume 
Lower, at 200°F (93°C) 0.88 
Upper, at 275°F (135°C) 8.54 
Autoignition Temperature (ASTM D-2155), °F (°C) 645 (340) 


NFPA Classification 30 
DOT Classification 
DOT Labels Required 


ША 
Combustible Liquid 
Моле 


Esters 829 


Table 15.25: Diethylene Glycol Monoethyl Ether Acetate (47) 


SOLV DE Acetate 
Eastman DE Acetate 
Glycol Ether DE Acetate 
ARCOSOLV DEA 


C зе —Q-C H,—C H,—O—CH,—CH,—O—C,H; 
О 


This is primarily used as a coalescing aid in latex paints. Both its solvency and slow evaporation rate are effective in 


producing slow drying characteristic brushing lacquers. 


Typical Properties 


Molecular Weight (Ca HiO} 

Color (Pt Co Scale), max 

Evaporation Rate (n-butyl! acetate = 1} 

Weight/Vol, 20°C, 

Ib/gal (U. S.) 

kg/litre 

Ib/gal (Imperial) 
Solubility, 20°C, wt % 

In water 

Water in 
Dilution Ratio, toluene 

VM & P naphtha 

Refractive Index, 20°C 

Vapor Pressure, 20°C, mm Hg 

Specific Gravity, 20°/20°C 

Boiling Range, 760 mm, °C 
Initia! Boiling Point, min 
Dry Point, max 

Freezing Point, °F (°C) 

Flash Point, Cleveland Open Cup, °F (°C) 

Fire Point, °F СС) 

Flammable Limits in Air, % by volume 
Lower, at 275°F (135°C) 
Upper, at 365°F (185°C) 

Autoignition Temperature (ASTM D-2155), °F СС) 

NFPA Classification 30 

DOT Classification 

DOT Labels Required 


176.21 
15 
< 0.01 


8.41 
1.01 
10.09 


Complete 
Complete 
2.2 

0.6 
1.4230 
0.05 
1.011 


214 
221 
-13(-25) 
225 (107) 
230 (110) 


098 

19.4 

680 (360) 

ІВ 

Nonhazardous Liquid 
None 


Table 15.26: Diethylene Glycol Monobuty! Ether Acetate (41) 


SOLV DB Acetate 
Eastman DB Acetate 
ARCOSOLV DBA 
Glycol Ether DBA 


C пр rie H,—C Н,-О-С H.—C H.—O—C,H, 
О 


This very high-boiling glycol ester is used primarily as a solvent in printing inks and high-bake enamels, and as a co- 
alescing aid in latex paints. The very slow evaporation rate and the limited water solubility of this solvent are es- 
pecially applicable in silk screen inks and as a component in polystyrene coatings for decals. Also it is a selective 


solvent in the seporation af alcohols and ketanes by distillation. 


Molecular Weight (theoretical) 204.27 

Weight/Vol, 20°C, Ib/gal (U. S.) 8.16 
kg/liter 0.98 
Ib/gal (Imperial) 9.79 

Evaporation Rate (n-butyl acetate + |) < 0.01 


Dilution Ratio, toluene 1.8 


VM & P naphtha 0.9 

Flash Point (Cleveland open cup), °F 240 
"Є 116 
Freezing Point, °F -26 


че -32 
Vapor Pressure, 20°C, mm Hg 0.04 


Solubility, 20°C, wt %, 


In water 6.5 
Water in 3.7 
Color (Pt-Co Scale), ppm, max 15 
Acidity, as acetic acid, wt %, max 0.03 
Boiling Range, 760 mm, °C 
laitial boiling point, min 235.0 
Dry point, max 250.0 
Specific Gravity, 20°/20°C 0.975 -0.985 
Ester Content, wt %, min 97.0 
Water, wt %, max 0.2 


830 


Table 15.27: Propylene Glycol Monomethyl Ether Acetate (41) 
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ARCOSOLV PM Acetate 


DOWANOL PMA 


Methyl PROPASOL Acetate 


Eastman PM Acetate 
Glycol Ether PM Acetate 


ARCOSOLV PMA 
Typical Properties 

















Molecular Weight (CeH,203) 132.2 
Color (Pt-Co Scale) 15 
Evaporation Rate (n-butyl! acetate = 1) 0.39 
Weight/Vol at 20°C, 
ib/gal (U.S.) 8.06 
kg/L 0.97 
ib/ga! (Imperial) 9.68 
Solubility at 20°C, wt % 
In water 20 
Water in 59 
Dilution Ratio, 
Тоіцепе 2.6 
VM & P naphtha 0.8 
Refractive Index at 20°C 1.40 
Vapor Pressure at 20°C, mm Hg 3.7 
Specific Gravity at 20°/20°C 0.97 
Boiling Range at 760 mm, °C 
Initial Boiling Point, min. 140 
Dry Point, max. 150 
Flash Point by Setaflash, °C (°F) 45 (114) 
Fiammable Limits in Air, % by volume 
Lower at 78* C (173*F) 1.3 
Upper at 139°C (283°F) 13.1 
Autoignition Temperature (ASTM О 2155), “С (°F) 354 (670) 
DOT Classification Combustible Liquid 
DOT Labels Required None 
Table 15.28: Propylene Glycol Monoethyl Ether Acetate (70) 
ARCOSOLV PEA 
nA ИН ОРЛА се 
| АКСО CHEMICAL _ CHEMICAL MOL. РТ. °С GRAVITY LBS/GAL BETA MATE 
TRADENAME NANE ` STRUCTURE си WI. Тола 20/20 © АЛЕНЕ (а-Вадс • 106) 
| РМА Propylene Glycol Methyl Ether Acetate CH,OCH,CHCH,OOCCH, 108-65-6 132.2 145.8 0.969 8.03 114 34 
PEA Propylene Glycol Ethyl Ether Acetate CH,CH,OCH,CHCH,OOCCH, | 98516-30-4 146.2 158 0.941 7.83 129 19 
ЫРМА | Dipropylene Giycol Methyl Ether Acetate ||| CHH/OCH;CHCH3,0OCCH; 88917-22-0 1902 209.3 0.976 8.18 186 «1 
В ЕМА Ethytene Giycoi Methy! Ether Acetate CH,OC,H,OOCCH; 110-49-6 145 1.006 120 TCC? 
Ы ^ EEA Ethylene Glycol Ethyl Ether Acetate с-нос-н,ооссн; 111-15-9 150 0.973 130 TCC? 
« Е ЕВА Ethylene Glycol Butyl Ether Acetate C4HgOC,H,OOCCH; 112-07-2 186 0.941 160 ТСС? 
з ОЕА Diethylene Gtycol Ethyl Ether Acetate CH.{OC7H,4),OOCCH, 112-15-2 214 1.012 225 СОС? 
DBA Diethylene Giycol Butyl Ether Acetate C4H4(OC; H4, 0OCCH; 124-17-4 235 0.980 240 COC5 
| MANSENSOLUBILIY PARAMETERS — | SOLUBIL | MANSENSOLUBILIY PARAMETERS — | 
nuce T 
HANSEN 
42 89 








(continued) 
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Table 15.28: (continued) 


Regulatory Information 


HMIS CODES BEN LL M Nn 


| ACN MEM Nx 
ПВ 3n 


ACETATES: 





Table 15.29: Dipropyiene Glycol Monomethy! Ether Acetate (DPMA) (70) 


ARCOSOLV DPMA Glycol Ether DPM Acetate 
DOWANOL DPMA 


Chemical Boiling Flash Specific Еуароганог з = 
Сотрапу Molecuta: Point C Poit Gravity Rate а! ‚ Lbs/Gal 


Nomenclature Chemical Name Weh (760 тт Но: ЈЕ 21250 ВАС 100 mmHg  at25 C 















ARCOSOLV* 
DPM Acetate 


Dipropylene Glycol 
Methyl Ether 
Acetate (DPMA) 


Tradenames of 


Competitive Products 
ARCO Surface 


Chemical оте Tension Freeze 
Company (centistokes! dynes’cm Point боїшоту | пі! ee 
Мотепсташте а125 С а! 25°С не Carbide Eastman 


ARCOSOLV* 
DPM Acetate 





1. Values should not be regarded as specifications, maxima or minima. 

2. Hash points below 200*F by Tag Closed Cup. Flash points above 200° by Pensky- 
Martens Closed Cup. 

3. For a discussion of solubility parameters, see H. Burrel, Interchemica! Raden! Vol. 14, 
Мо. 1. 


Table 15.30: Propylene-Based Glycoi Ether Acetate (23) 


DOWANOL BC-300 









Propylene-Based 


BC-300 Glycol Ether Acetate 


! Solubility Parameters are usetui as a guide in determining the ability of a solvent or solvent mixture to dissolve resins. A discussion of solubility 
parameters and the basis for these values are contained in an article by H.S. Burreli in the Spring 1955 issue of Interchemica/ Review 

2 A discussion of the hydrogen bonding parameter is contained in an article by Allen A. Orr in the August 1975 issue of Journal of Paint Technology, Vol. 
47, Ma. 607, pages 45-49. This particular article was the basis of the listed values of the hydragen bonding parameter. 
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PROPIONATES 


СНАСН„СООЌ 


The propionic esters are very similar to the acetic esters in physical and chemical properties with the difference that the 
former have a higher bailing point, lower evaporation rate and a lesser power of solubility. They are miscible with many 
of the lacquer solvents and diluents and passess a distinctive but not a disagreeable odor. The consumption of these esters 
for solvent purposes is relatively small compared to the highly developed acetate esters. 


Table 15.31: Methyl Propionate (2) 


CH CH,COOCH 


3 3 


Methyl propionate has been advocated as a solvent for cellulose derivatives. When it is admixed with other propionates 
(such as ethyl, propyl, buty! and amyl) the mixture will dissolve cellulase ethers and esters. 


Boiling paint 91° 
Specific gravity 0.937 (4°C.) 


Table 15.32: Ethyl Propionate (2) 


Propionic Ether CH,CH,COOCH,CH,, 


Propionic Ester 


Ethyl propionate is a colorless liquid with an odor resembling that of pineapples. It is a solvent for cellulose ethers and 
esters and for a variety of natural and synthetic resins. It is used principally as an ingredient in soft drinks and fruit 


syrups. 


Acidity (as propionic) 0.02% by wt, max Evaporation rate Slower than ethyl acetate 
Distillation range 90 to 100% between 80 and 120°C Purity &5 to 90% 

Color Water-white Residue None 

Toluene dilution ratio 2.5-3.0 Specific gravity at 154°C 0.876-0.886 

Dryness No turbidity with 19 volumes gasoline Weight per gal 7.35 Ibs 


Table 15.33: n-Butyl Proplonate (2) 


CHCH COOC} Ho 


n-Butyl propianate is a water-white liquid with an apple-like odor. It is miscible with most of the lacquer solvents and 
diluents and with oils but not miscible with water. It isa solvent for nitrocellulose and mony of the natural and synthetic 
resins. When an active solvent is added to it, butyl propionate will dissolve many of the cellulose esters and ethers. It 
lt may be used as a solvent in lacquer fabrication where it imparts gloss, adhesion and prevents blushing. It is also used 
to replace butyl and amyl acetate when lower volatility and slower evaporation are desired. 


Acidity (as propionic) 0.35% by wt, max Evaporation rate at 95°F (in 
Blush resistance ut 90°F (10% 4 Clear 85% Relative humidity minutes) 
вес. R.S. nitrocellulose solu- Blush 90% | 5% 24 
tion) 2590 12 
50% 24% 
75%, 414 
Distillation range 120-175°C 90% 564 
Coefficient of expansion 95% 634 
per 1°F 0.00060 Flash point 63°F 
per 1°C 0.001 Non-volatile matter 0.005 gm/100 cc, max 
Color Water-white Purity 90-92% 
Dilution ratio Residue None 
Toluol 21 Solubility of water in solvent 1.2% by vol 
Petroleum naphtha 1.2 at 25°C 
Distillation range: Specifie gravity at 20/20°C 0.868-0.872 
Below 120°C None Viscosity (10% | sec. R.S. ni- 5.9 centipoises 
Below 140°C Not more than 50% trocellulose solution) 
Below 150°C Not less than 85% Weight per gal at 20°C 7.24 tbs 
Above 160°C None 
Dryness at 20°C Miscible without turbidity with 20 


volumes 60* Bé gasoline 
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Table 15.34: Amyl Propionate (2) 


CH4C HyCOOC Hi 


5 11 


Amy! propionate is a colorless, volatile liquid with an apple-like odor. It will dissolve cumar resins, elemi, ester gum, 
mastic, copal, kauri, sandarac, and nitrocellulose and it is miscible with most lacquer solvents and oils. It has a slow 
solvent action upon cellulose ethers thus acting as a latent solvent and this latency can be overcome when acetone or 
ethy! alcohol is added to it. It has similar solvent properties to amyl acetate but is not as rapid and its solutions are more 
viscous, it has a slower rate of evaporation, and it has a more agreeable odor. |t is used as a desirable high-boiling lac- 
quer solvent imparting gloss, blush resistance and a reduction in "orange peel" effect. It is also used in flavoring and 


perfumery. 


Acidity (as propionic) 

Blush resistance at 90°F (10% 
4 sec. R.S. nitrocellulose 80- 
lution) 


Coefficient of expansion 
per 1°F 
per 1°C 
Color 
Dilution ratio 
Toluol 
Petroleum naphtha 
Distillation range: 
At or below 110°C 
At or below 150°C 
At or below 170°C 
Above 175° C 
Non-volatile matter 
Residue 
Solubility of water in solvent 
at 25°C 
Specific gravity at 20/20°C 
Viscosity (10% $ sec. R.8. ni- 
trocellulose solution) 
Weight per gal at 20°C 


Table 15.35: Ethyl 3-Ethoxypropionate (19) 


0.030% by wt, max 
Clear 90% Relative humidity 
Blush 95% 


0.00060 
0.00108 
Water-white 


1.4 
0.7 


None 

Not more than 40% 

Not less than 90% 

None 

Not more than 0.005 gma per 100 сс 
None 

0.3% by vol 


0.869-0.873 
106 centipoisea 


7.25 а 


Typical Properties 


Molecular Weight 
Boiling Point at 760 mm Hg, “С 
Vapor Pressure at 20°C, mm Hg 


Relative Evaporation Rate (BuAc = 100) 


Apparent Specific Gravity at 20/20°C 
Solubility Parameters 

Total 

Polar 

Hydrogen Bonding 


146.19 
170.1 
«1 

11 
0.950 


9.0 
4.1 
4.0 


Solubility of Pure Material at 20°C, % by wt 


In water 

Water In 
Pounds per Gailon at 20°C 
Flash Point, Closed Cup, “Е 
Surface Tension at 25'C, dynes/cm 


1.6 
1.9 
7.91 
136 
27.3 
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BUTYRATES 


Butyrates do not find extensive use in the solvent industry because of their relatively unpleasant odor and higher price. 


Table 15.36: Methyl Butyrate (2) 


CH CH4CH COOCH 


3 


2 3 


Methyl butyrate is a solvent for ethyl cellulose and when it is mixed with active solvents it will dissolve nitrocellulose. 


Table 15.37: Ethyl Butyrate (2) 


Boiling point 102°C. 
Specific gravity 0.898 (20°C .) 


СН,СН,СН,СООС,Н 


3 


29 2 5 


Ethyl butyrate is a nontoxic liquid having an odor suggestive of pineapples. Its solvent properties lie between those of 
ethyl acetate and n-butyl acetate, and when mixed with other solvents it will dissolve cellulose esters and ethers, and 


many of the natural and synthetic resins. It is used in flavors. 


Table 15.38: n-Butyl Butyrate (2) 


Boiling point 120°C. 

Flash point 23°С. 

Specific gravity 0.879 (20°C .) 
CH4C H,CH,COOC | Hg 


Butyl butyrate is a water-white, neutral liquid with an apple-like odor. The commercial grade is composed of a mixture 
of the isomeric esters. |t is a solvent for nitrocellulose, "Cumar" resins, dammar, ester gum, elemi, shellac, and metallic 


resinates. 


Acidity (as butyric) 
Boiling point 
Distillation range 
Critical temperature 
Toluene dilution ratio 
Dryness 


Flash point 

Purity 

Refractive index 

Residue 

Specific gravity at 20/20°C 
Specific heat at 20°C 
Surface tension at 157°C 
Vapor pressure at 20°C 
Viscosity at 25°C . 

Weight per gal 


0.02% by wt, max 

156.9° C 

95-100% between 140-170°C 

338°C 

1.8-2.0 

No turbidity with 19 vol 60° Bé gas- 
oline 

Complete, standing at least 19 vols 
gasoline without turbidity 

51°C 

90-95% 

1.4035 

None 

0.8717 

0.458 

12.0 

113 mm Hg 

0.84 centipoises 

7.25 lbs 
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Table 15.39: Ethyl Hydroxy-Isobutyrate (2) 


uc Ж” 
Ethyl Oxybutyrate | 
е Н 
3 2 5 


Ethyl hydroxy-isobutyrate is a water-white, stable liquid of a mild odor. It is a solvent for cellulose nitrate and acetate 
and when mixed with other solvents it will also dissolve cellulose ethers. Its solvent action is somewhat comparable with 


that of ethyl lactate, differing in the following aspects: 


Its solvent oction is slower ond requires the presence of an active solvent to accentuate it. 


Its solutions of nitrocellulose are more viscous. 
Its tolerance for hydrocarbons is about the same as far as it concerns nitrocellulose and is 


lower in the presence of acety! cellulose. 
Its volatility is higher. 


Ester content 96-100% 
Boiling range 142°-146°С. 
Specific gravity 0.978-0.986 (20°С.) 


Table 15.40: Isobutyl isobutyrate (41) 


сн,-сН-с-0-<сн, -сн-сн, 
CH, O CH, 


Isobuty! isobutyrate is a slow evaporating solvent with blush resistance, good flow and leveling which ore favorable 
properties in formulating cellulose nitrate. Its solvent activity is equivalent to methyl amy! acetote ond is there- 
fore used as a direct substitute in many formulations. 


Molecular Weight (СвН,,О.) 144.22 Boiling Range, 760 mm, °C 
Color (Pt-Co Scale), max 15 Initial Boiling Point, min 144 
Weight/Vol, 20°C, Dry Point, max 151 
Ib/gal (U.S.) 713 Freezing Point, °F (°C) -112 (-80) 
kg/liter 0.86 Flash Point, Tag Closed Cup, ^F (^C) 101 (38) 
Ib/gal (Imperial) 8.56 Tag Open Cup, °F (°C) 111 (44) 
Solubility, 20°C, wt % Fire Point, °F (°С) 115 (46) 
in water <0.1 Flammable Limits in Air, % by volume 
Water in <02 Lower, at 200°F (93°C) 0.96 
Evaporation Rate (n-butyl acetate = 1) 0.4 Upper, at 200°F (93°C) 7.59 
Dilution Ratio, toluene 1.5 Autoignition Temperature (ASTM D-2155),°F (°C) 810 (432) 
VM & P naphtha 0.8 NFPA Classification 30: п 
Refractive Index, 20°C 1.3913 DOT Labels Required None 
Vapor Pressure, 20°C, mm Hg 3.2 DOT Classification Nonhazardous Liquid 
Specific Gravity, 20°/20°C 0.855 


Table 15.41: 2,2,4- Trimethylpentanediol-1,3-Monoisobutyrate (41) 


Evaporation Lb/ Color Specific Acidity, as Boiling Freezing Flash Point’ Fire 

Rate Gal @ Pt-Co Gravity @ Acetic Acid Range Point coc Point 

n-BuOAc=1 20°C Max 20°/20°C Max Wt % °C °С °C (°F) °C (°F) 
TEXANOL" Ester Alcohol 0.002 | 7.90 20 0.950 0.2 244-247 -50 120 (248) 132 (270) 
(2,2,4-Trimethyl-1,3-pentanediol Monoisobutyrate) (isobutyric) 


C; 2Н24Оз 
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COMPARATIVE DATA 


Table 15.42: ARCOSOLV PM Acetate and ARCOSOLV PE Acetate (70) 


ARCOSOLV PMA is a colorless, combustible liquid with low toxicity. It has a characteristic ester odor and is 
soluble in water to the extent of 18% at 20°C. It has excellent solvency for a variety of substances including 
acrylic, nitrocellulose and urethane coating resins. ARCOSOLYV PMA is a substitute for ethylene glycol (E-series) 
ether acetates, particularly EEA and EMA. 





Product Identification 


Chemical Name......... 1-Methoxy-2-Propanol Acetate 
Chemical Family ......Propylene Glycol Ether Acetate 
Other Names ................... Methoxy Propanol Acetate 


Dade поки Propylene Glycol Methyl Ether Acetate 
E e 1- Methoxy Propanol Acetate 


Сһетісаі Роптиіа ...................................... Са! 1203 


@ 25/25°C | 0.963 -- 0.966 ASTM D-891 


Distillation @ 
760mm Hg | ASTM D-1078 
IBP, min. | 
DP, max. 


Acidity, wt. % as 
acetic acid, max. ASTM 0-1613 


Water, 
wt. %, max. | АЗТМ Е-203 


Color, 
APHA, max. ASTM E-1209 


GC Purity, 
wt. %, min. ACC 8314 


150-75 ppm BHT is added to control peroxides. 


Typical Properties 


» Autoignition temperature (?F) ............................ 522 
«Density (pounds per gallon at 25°C) .................. 8.0 
«Evaporation Rate (BuAc = 100).......0 нь. 34 


«Flammability Limits (Lower/Upper Vol. %) ....1.5/10 
«Flash Point (Tag Closed Cup) °C (°F)........ 47 (116) 


« Solubility by weight in water at 20?C .................. 18 
a Solubility by weight of water in at 20°C ................ 6 
1 Solubility Parameter (Total Hansen) .................. 9.2 
: Surface Tension (Dynes/cm) @ 25°C (77°F) ..... 27 

Refractive Index (8 25?C (77?F)....................... 1.40 
a Viscosity (centistokes) @ 25°C (77°F) ............... 1.1 
. Vapor Pressure @ 25°С (тт На)....................... 3.8 


{continued) 
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Table 15.42: (continued) 


ARCOSOLV PEA is a colorless, liquid with a low order of toxicity. It has a mild, ether-like odor. It is slightly 
soluble in water but miscible with a number of organic solvents and has good solvency for a number of 
substances. 


Product identification 


CHEMICAL NAME 
v. Ethoxy Propanol Acetate 


OTHER NAMES . 
e Propylene Glycol Monoethyl 
Ether Acetate 


CHEMICAL FAMILY 
e Propylene Glycol Ether Acetate 


CHEMICAL FORMULA 
Hm С„Н 1 403 


Product Specifications 


Property Specifications Test Method 


Specific Gravity @ 20/20°C 0.942 -- 0.948! ASTM D-891 
Distillation @ 760mm Hg 
IBP, Initial Boiling Point, min. 148°C ASTM D-1078 
DP, Dry Point, max. 168°C 
Acidity, wt. % as acetic acid, max. 0.02 ASTM D-1613 
Water, wt. %, max. 0.05 ASTM Е-203 
Color, APHA, max. 15 ASTM D-1209 


1 Equivalent specific gravity range at 25°/25°C is 0.934 - 0.940 


Typical Properties 





Ww Boiling: POInE © CCE оао ооо айын нова E 158 (316) 
к бепейу (роипа5 рег дайоп а:20%С).................................1.4.2....02.2...... 7.5 
у Емарогайоп Наге (пВЏАС = јин n a каныны 0.19 
i; Fas РОН ЗЕТА СЕ нано ыыы нара наоса на виена 54 (129) 
ке РогтишаМмогесијаг Ухејаћ РЕКЕ о ТТТ 146 
& Helractive dndex ЭБ долав прање вій dus 1.40 
к: 5о!чбййу Бу ууе!оһї їп маеги Ен УЫ НН 10% 
* Viscosiy (centistokes) @ 20°С (68°Е)....................дд ллы е 1.3 


ж Vapor Pressure @ 20°C (68°F) (Mmm Hg). ные өө 1.5 
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Table 15.43: Ashland Ester Solvents (69) 





LB./GAL. SP. GR. BOILING RANGE FL. PT. 
PRODUCT TIERE DP LE RN ЕЕ Eee 
Еіһуі Acetate 9996 | 751. 0.902 75.5-78.0 168-172 
lsopropy! Acetate 99% 727 0.872 85-90 185-194 42 3.0 
n-Propyl Acetate 7.39 0.888 99-103 210-217 55 2.3 
Ethy! Propionate 7.42 0.892 99- 210- 61 3.1 
Isobutyl Acetate 7.25 0.870 112-119 234-246 63 1.6 
Glycol Ether PM Acetate 8.06 0.970 140-150 284-302 114 0.4 
Amyl Acetate (primary) 7.29 0.876 142-152 288-306 101 0.49 
Isobutyl Isobutyrate 7.13 0.855 144-151 291-304 104 0.45 
n-Butyl Propionate 7.29 0.876 145- 292- 97 0.45 
Ester Solvent EEP 7.91 0.950 165-172 329-342 136 0.12 
n-Pentyl Propionate 7.27 0.872 168- 334- 138 0.18 
Glycol Ether EB Acetate 7.84 0.942 186-194 367-381 165 0.03 
2-Ethyihexyl Acetate 7.26 0.872 192-205 378-401 160 0.03 
Glyco! Ether DPM Acetate 8.12 0.976 193-205 379-401 186 <0.01 
Dibasic Ester 9.10 1.092 196-212 385-414 2128 <0.01 
Glycol Ether DE Acetate 8.41 1.011 214-221 417-430 2258 <0.01 
Glycol Ether DB Acetate 8.16 0.980 235-250 455-482 2218 <0.01 


*PMCC 





' n-Butyl Acetate x 1 


Table 15.44: Chemcentral Esters (67) 















99 


ESTERS бав 1 Ие, 
AMYL ACETATE {Primary} 628-63-7 130.18 
“iso. BUTYL ACETATE | | | 110180 | 1616. 
^n BUTYLACETATE | | 123864 | 11606 
GLYCOL ETHER DB ACETATE | | | 2417.4 | 20426 
GLYCOL ETHER EB ACETATE | 160.22 | 99 
GLYCOL ETHER DE ACETATE 176.21 
“GLYCOL ETHER EE ACETATE [| 111.159 | 13216 
“GLYCOLETHEREMACETATE | || | 110-49-6 | 146. 
“GLYCOL ETHEA PM ACETATE | 10865-6 | 132.16 
ETHYL ACETATE (85-88%) 88.11 
EFHYL ACETATE (99%) 141-78-6 88 t! 
ETHYt J ETHOXY PROPINATE (EEP) | 763-699 | 14619 
aso PROPYL ACETATE | 1086214 | 102 14 
n PROPYL ACETATE — 0 109-60-4 | 102 14 
 ISOBUTYLISOBUTYRATE || 97858 | 1442 | 
DIBASIC ЕЗТЕН (ОВЕ) 160.0 EM 
Еузр. 


ESTERS 


AMYL ACETATE (Primary) 

ізо - BUTYL ACETATE Le 
n- BUTYL ACETATE 

GLYCOL ETHER DB ACETATE | 
GLYCOL ETHER EB ACETATE 
GLYCOL ETHER DE ACETATE 
GLYCOL ETHER EE ACETATE 
GLYCOL ETHER EM ACETATE 
GLYCOL ETHER PM ACETATE 
ETHYL ACETATE (85-88%) 

ETHYL ACETATE (99%) 

ETHYL 3 ETHOXY PROPINATE (EEP) 
iso - PROPYL ACETATE ER 
n- PROPYL ACETATE 
ISOBUTYL ISOBUTYRATE 
DIBASIC ESTER (DBE) 









































Refrac- 
tive 
index 
5: 20°С 

















Distillation Range 
@ 760 mm Hg 

















104-150 - 


112-119 






















120-128 
| 816 0.00097 | | [| 235259 | 
| 7,84 | 0.00104 | .00076 | 1.4200 | 
| 00078 | 14230 214-221 
00086 | 14058 | 145-166. 
00084 | 14025 | 140147 
— — | 1400 | 140150 | 
0.00139 .00102 13098 | 7479 
7.51 0.00139 00104 | 13710 16-716 169-172 
о ‘és vee | Ма nae 
7.26 0.00115 | 00094 | 13779 85.90 185 194 
7 19 0.0013 00020 | 99 103 210217 
7.13 _ | 7777 144451 | 291-3040 
90 Жал _______196 225 | 385437 
xplosive 
[3 misty | Bany 
Vol. in Air Param- 








212 


* fag Open Cup 


75 B.5 


10.5 


? Sela Closed Cup 


Table 15.45: CPS Chemical Esters (15) 
SALES SPECIFICATIONS: 


Buty! Lactate 





95.0 minimum 
0.970 to 0.990 
0.5 maximum 
0.2 maximum 
25 maximum 


Purity, % ester 

Specific Gravity, 20/20 °C 

Acid value 

Water, wt. 96 

Color, APHA 

*Electronic grade also available 


Table 15.46: Eastman Glycol Ether Esters (41) 


Ethyl Lactate" 


98.0 minimum 
1.032 to 1.035 
0.5 maximum 
0.3 maximum 

25 maximum 


PHYSICAL PROPERTIES: 


Flash point, °C 

Freezing point, °C 

Boiling point, °C @ 760 mm Hg 
Vapor pressure mm Hg @ 20°C 
Vapor density (air = 1) 


Relative evaporation rate 
(butyl acetate = 1) 

Molecular weight 

Pounds per gallon 

Odor 

Appearance 


Butyl Lactate 


76 
- 46 
188 
0.4 
5.04 


0.044 

146.2 

815 

mild 

water white liquid 


NOMENCLATURE OF GLYCOL ETHERS AND GLYCOL ETHER ESTERS | 
GLYCOL ETHERS 


Ethylene Сіусої 
Propy! Ether 


Ethylene Стусо! 


Company Name Butyl Ether 


Eastman EB 
Вшу! Сейозоме 


Eastman Eastman EP 
Union Carbide 
Dow Dowanol EB 
Sheil Buty! Oxitol 
Occidental EB 


Arco s 


Propyl Celloso've 


Bihylene Glycol 


Company Name Bigyl Ether Acetate 


Eastman Eadtman EB acetate 


Union Carbide Buty! Cellosolve acetate 
Arco ы 


Dow Бе 


EB acetate 


Occidentat 





Ethy! Lactate 


48 
2:05 
154 
2 
1.03 


0.29 
118.1 
8.59 
mild 
water white liquid 





Ethylene Glycol Diethylene Glycol Diethyiene Glycol Diethylene Glycoi Diethylene Glycol Propylene Glycot 
2-Ethythexyt Ether Methy! Ether Ethyl Ether Propyl Ether Buty! Ether Metiiyi Ether 
Eastman EEH Eastman OM Eastman DE Eastman DP Eastman OB Еазипап ЕМ 
Methyl Carbito! Carbitol (low gravity) Ргору! Сафло! Butyl Carbitel Мейу! Ргор 150! 
Dowanol 0M Оомапо DE Dowanol DB Рома. и! РМ 
Buty! Dioxitol — 
DE DB — 
Arcoso!, PM 
GLYCOL ETHER ESTERS 
Diethylene Glycol Diethylene Сусо! Propylene Glycol 


Ethyl Ether Acetate 


Eastman DE acetate 


Butyl Ether Acetate 


Eastman DB acetate 


Buty! Carbitol acetate 


ОВ acetate 





Methyl Ether Acetate 


Eastman PM acelate 
Methyl Fropasol acetate 
Arcosolve PM acetate 
DOowanol PM acetate 


PM acetate 


$4215] 
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Table 15.47: Hoechst Celanese Esters (42) 


(рапициоз) 


Ethy! Acetate 


Autoignition Temperature, °C 
Boiling Point at 760 mm Hg, °C 
Boiling Point at 760 mm Hg, °F 


Coefficient of Thermal Expansion 
per °C (at 20°C) 


Critical Pressure, atmospheres (est) 
Critical Temperature, °C (est) 
Evaporation Rate (BuAc = 1) 


Flammabie Limits 
(lower limit, vol %) 
(upper limti, vol %) 


Flash Point, Tag Open Cup, °F 
Tag Closed Cup, °F 


Freezing Point, °C 


Heat of Combustion, 
kcal/mole (liquid, 25°C) 


Heat of Formation, 
kcal/mole(liquid, 259C) 


Heat of Fusion, cal/gm 


Heat of Vaporization, btu/Ib 
at normal boiling point 


Molecular Weight 
Refractive Index n o 


Solubility at 20°C, wt % in water 
wt % water in 


Specific Gravity, 20/20°C 


Specific Heat of Liquid, cal/gn/?C 
at 20°C 


Surface Tension in Air at 20°C 
dynes/cm 


Vapor Density (air = 1) 

Vapor Pressure, mm Hg, 20°C 
Viscosity at 20°C, centipoise 
Weight, pounds per gallon at 20°C 


(Acetic Acid, Ethy! Ester, Ethy! Acetic Ester, Ethyl Ethanolate, Acetidin) 
Physical Properties 


426.7 
77 
171 


0.00141 
37.8 
250 

4.5 


2.0 
11.4 


56 
24 


-83 


534.3 


-115.2 
28.43 


158 
88.11 
1.3719 


8.7 
3.3 


0.9019 


0.459 


23.7 
3.0 
73 
0.46 
7.51 


isopropyl Acetate 


(Acetic Acid, Isopropyl Ester) 


Physical Properties 


Autoignition Temperature, °C 


Critical Properties: 
Temperature, °C 
Pressure, atm 
Volume, cm¥mo! 
Compressibility Factor (Z.) 


Density: 
Liquid (20°C) 
Vapor (air = 1.0) 


Explosive Limits (25°C), vol % 
Lower (LEL) 
Upper (UEL) 


Flash Point (TCC), °C 


Latent Heat of Vaporization 
(25°C), kcal/mol 


Liquid Specific Heat (25°C), cal/g°C 
Liquid Viscosity (20°C), centipose 
Melting Point, °C 

Molecular Weight 

Normal Boiling Point, (n-bp), °C 
Refractive Index, (ng) at 20°C 


Standard Net Heat of Combustion, 
kcal/mol 


Surface Tension (20°C), dyne/cm 
Vapor Pressure (20°C), mm Hg 


460 


257.85 
35.7 
312 
0.255 


0.8718 
3.5 


1.76 
7.20 


22 


8.89 
0.460 


_ 0.60 


-73.4 
102.134 
88.6 
1.3791 


-632.9 (gas) 
22.3 
47 


028 
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Table 15.47: (continued) 


n-Propyl Acetate 


Isobutyl Acetate 
(Acetic Acid, Propyl Ester, Normal Propyl Acetate) 


(Acetic Acid, Isobutyl Ester, 2-Methyl-1-Propyi Acetate, B-Methylpropyl Ethanoate) 


Physical Properties Physical Properties 


Autoignition Temperature, °C 450.0 Boiling Point at 760 mm Hg, °C 118 
Boiling Point at 760 mm Hg, °C 1016 Boiling Point at 760 mm Hg, °F 244 
Boiling Point at 760 mm Hg, °F 214.9 Coefficient of А вера зані 
nston s ° 
Evaporation Rate (BuAc = 1) 2.2 n DE E й 
zs Distillation Range, °C 114.0-119.0 
Flammable Limits | 
(lower limit, vol %) 2.0 Evaporation Rate (BuAc = 1) 1.6 
(upper limit, vol %) 8.0 Flammable Limits (lower limit, vol %) 2.4 
Flash Point, Tag Open Cup, °F 70 (upper limit, vol %) 10.5 
Tag Closed Cup, °F 55 Flash Point, Tag Open Cup, °F 83 
Freezing Point, °C -92.5 Tag Closed Cup, °F 64 
Heat of Vaporization, btu/lb at Freezing Point, °C .799 
normal boiling point e Heat of Vaporization, k joules/ 
Molecular Weight 102.13 mol at normal boiling point 36.7 
Solubility at 20°C, wt % in water 2.3 Molecular Weight 116.16 
Specific Gravity, 20/20°C 0.8870 Refractive Index, n% 1.3900 
Specific Heat of Liquid, Solubility at 20°C, wt % in water 0.63 
cal/gm/C at 20? 0.459 | | 
А Specific Gravity, 20/20°C 0.8724 
Vapor Density (air = 1) 3.5 e S 
Specific Heat of Liquid, 
Vapor Pressure, 20°C, mm Hg 25 caVgnv/°C at 20°C 0.459 
Viscosity at 20°C, centipoise 0.59 Vapor Density (air = 1) 40 
Weight, pounds per gallon at 20°C 7.39 Vapor Pressure at 20°C, mm Hg 13.0 
Viscosity, 20°C, centipoise 0.70 
Weight, pounds per gallon 
at 20°C 7.26 
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Table 15.47: (continued) 
Methyl Formate – 97.5% 


n-Butyl Acetate 
(Acetic Acid, Butyl Ester, Butyl Ethanoate, 


Normal Butyl Acetate) 


(Formic Acid, Methyl Ester) 


Physical Properties 


- | Рпуз!са! Properties Autoignition Temperature, °C 449.0 
Boiling Point (760 mm Hg): 126.5°C (259.7°F) В | 
Coefficient of Thermal Expansion per °C Boiling Point at 760 mm Hg, °C 32.1 
(at 20°C): 1.13 x 10> Boiling Point at 760 mm Hg, °F 89.8 
- ы m А Critcal Pressure, atmospheres 59.25 
Distillation Range: 120-128*C Critical Temperature, °C 214 
Evaporation Rate (BuAc = 1): 1.0 Evaporation Rate (Ether = 1) 1.6 
ee Limits in Air (% by vol): байи 
ррег: 7.6 ај о 1 
(lower limit, vol %) 5.0 
d id (upper limit, vol %) 23.0 
Flash Point: | 
Тад Ореп Сур: 93°F Flash Point, Tag Open Cup, °F -2 
Tag Closed Cup: 76°F Tag Closed Cup, °F -26 
2. алашы пи - Freezing Point, °C -100.2 
eat of Combustion (liquid, 25°C): -847 kcal/mole | Жет 
Неа! о! Formation (liquid, 25°C): -5.17 kcal/mole donde РОНЕ Ма 202 3 
Heat of Vaporization 
(at normal boiling point): 139 btu/lb Molecular Weight 60.05 
Molecular Weight. 116.16 Refractive index, n?? 1.3434 
было A 5 сие Solubility at 20°C, wt % in water 33.0 
water in: 1.175 Specific Gravity, 20/20°C 0.980 
Specific Gravity (20/20°C): 0.8820 Specific Heat of Liquid, БІЧЛЬ/Е 
Specific Heat of Liquid (at 20°C): 0.503 са/дту°С at 68°F 0.493 
pale Tension (in jel at 20°C): 24.0 dynes/cm Surface Tension iti air at 25°C. 
apor Density (Air = 1): 4.0 dynes/cm 24.62 
Vapor Pressure (20°C): 18.4 тт На "PP 
Viscosity (at 20°C, centipoise): 0.74 Vapor Density (air = 1) 2.07 
Weight (pound per gallon at 20°C): 7.35 Vapor Pressure, 20°C, mm Hg 476.4 
Viscosity at 25°C, centipoise 0.355 
Weight, pounds per gallon at 20°C 
(68°F) 8.17 
Table 15.48: Mobil Oil Esters (64) 
N-Butyl Cyclohexyl Ethyl 
Typical Characteristics Acetate Acetate Acetate ЕСМЕЕА 
Density kg/l at 15°C 0.887 0.973 0.905 0.975 
Distillation °C, IBP 124.0 173 76.6 156 
DP 126.7 179 77.4 165 
Color, APHA 5 5 10 10 
Flash Point °C (TCC) 23 58 -1 58 
Water Content % Wt. 0.1 0.09 0.1 — 
Acidity as Acetic, ppm 70 140 50 100 
Properties of Pure Material 
Molecular Wt. 116.16 142.19 88.10 132.09 
Coefficient of Cubical Expansion/°C 0.00121 0.00095 0.00139 0.00111 
Density Correction/ °C 0.00104 0.00090 0.00123 0.00106 
Solubility of Water in, at 20°C, % wiw 1.37 0.80 3.0 6.5 
Solubility in Water, at 20°C, % wiw 1.0 0.33 7.9 23 
Viscosity at 20°C, cP 0.69 2.0 0.45 1.21 
Refractive index at 20°C 1.3951 1.441 1.3725 1.4058 
Specific Heat at 20°C, kJ/kg/°C 1.92 1.72 2.00 2.07 
Latent Heat of Evaporation, kJ/kg 310 313 367 339 
Vapor Pressure at 20°C, mm Hg 10 1.0 73 1.2 
Explosive Range, % vol in air. 1.7 - 15 1.0 -? 2.2 — 11.0 1.7 - 10.1 
Sat. Vapor Explosive in range, °C 23-70 — -7- +33 — 
Autoignition Temperature, °C 425 330 426 379 


Table 15.49: Union Carbide Esters (19) 


MOLECULAR 
WEIGHT 
ESTERS 

Ethyl Acetate (99.5%) 88.11 
CELLOSOLVE Acetate 132.16 
Methyl PROPASOL Acetate 132.16 
Ester EEP 146.19 
Butyl CELLOSOLVE Acetate 160.21 
Butyl CARBITOL Acetate 204.27 
Filmer iBT 216.30 


(a) 5 percent aqueous solution. 


Solvent 


Butyl CARBITOL® Solvent 
Butyl CELLOSOLVE® Soivent 


Butyl CELLOSOLVE Acetate 
Buty! PROPASOL® Solvent 


CARBITOL Solvent PM-600 
CELLOSOLVE Acetate 


CELLOSOLVE Solvent 
Methyl CARBITOL Solvent 


Methyl CELLOSOLVE Solvent 
Methyl CELLOSOLVE Acetate 


Methyl PROPASOL Acetate 
Methyl PROPASOL Solvent 


Propyl CARBITOL Solvent 
Propy! CELLOSOLVE Solvent 


Propyl PROPASOL Solvent 
UCAR® Ester EEP 


BOILING 
POINT at 
760 mm 
Hg, °C 


77.2 
156.3 
145.7 
170.1 
192.3 
246.7 
169.7 


(b) 1 percent aqueous solution. 


WAPOR 
PRESSURE 
ai 20°C, 
min Hg 


76 
2 

3 
<l 
<1 
<1 
<l 


(с) 2 percent aqueous solution. 


Cellulose 
Acetate, 
41% Acetyl 


Concentration = 0.5 gresin to 4.5 mi of solvent 
* = 0.5 gresin to 9.5 mi solvent 


S = Soluble 
| = Insoluble 
а = Gel 

SW = Swelling 


SOLUBILITY of 
POOR MEE. SOLUBILITY PARAMETERS Pure Material af 20°C, penn POINT 
RATE GRAVITY Hydrogen Ye by weight GALLON Closed 
(BuAc = 100) at 20/20°C Total Polar Bonding In Water Water in at 20°C Cup, °F 
747 0.902 8.91 4.20 4.35 8.7 3.3 7.51 30 
20 0.975 9.35 4.41 4.33 22.9 6.5 8.10 126 
34 0.969 9.10 4.50 3.86 18.5 5.6 8.06 116 
11 0.950 9.0 4.1 4.0 1.6 1.9 7.91 136 
3 0.942 8.91 3.92 3.83 1.5 1.7 7.84 165 
<1 0.980 9.05 3.97 4.25 6.5 3.7 8.16 221 
<1 0.95 8.5 - - <1 0.9 7.91 248 
Resin Solubilities 
Vinyl Resins 
VYHH Viny! 
Chioride/Vinyl AYAF 
кее : AE чуан а Ро!у(те у! Acetate: i Polyvinyl 
17% Butyri 37% Butyrl Ethoxyl Polystyrene Methacrylate) Copolymer Acetate 
І а 59 ! ! Р5 5 
[ І 5 І | | Р5 
| 5 5 5 І 51.5 5 
| | 5-а і І 1 SW 
SW PS PS ! і і Р5 
Р5 5 5 5 5 5 5 
| 5 5 І і | 5 
SW 5 Р5 1 [ і 5 
І 5 5 ! 5 Р5 5 
5 5 5 5 5 S S 
SW S PS S S S S 
| 5 PS І 5 І 5 
І а 5 І і PS 5 
| 5 5 І І І 5 
І І 5-а* | І | 51.5 
5 -- 5 PS PS 5 = 


SLS = Slightly soluble 
PS = Partly soluble 
S-G = Soluble, tendency to де! 
PS-G = Partly solubie, tendency to gel 
SI.S-G = Slightly sotubie, tendency to gel 


SURFACE 
TENSION 
зі 25°С 
SURFACE of 20% 
TENSION Solution 
ai 25°C, in Water, 
dynes/em dynes/cm 
23.7 24.5 (a) 
28.0 33.5 
28.2 - 
27.3 - 
27.4 41.0 (b) 
30.0 39.2 (c) 
XYHL 
Polyvinyl 
Butyrl 
5 
5 
! 
S-G 
5 
G 
5 
5 
5 
G 
SW 
PS 
5 
5 
5-а 
5 
с 
d 
Oo 
6; 


(continued) 


Table 15.49: (continued) 
Coating Performance Properties 








Solubility Parameters А, Surface Tension at 25°C, dynes/cm 
Dilution Ratios Evaporation 
Hydrogen Blush mm = 8 : Rate 20% Solution 
Solvent Total Polar Bonding Resistance Toluene Naphtha Xylene (nBuAc - 100) Sofvent in Магегіа) 
Butyl CARBITOL® Solvent 9.79 3.94 6.16 - 3.9 1.9 4.2 «1 51.0 55.2 
Butyl CELLOSOLVE? Acetate 8.91 5.92 5.85 96 + 1.8 1.2 -- 5 27.4 41.05) 
Buty! CELLOSOLVE Solvent 9.87 3.88 6.55 96 + 3.5 2.5 3.2 6 28.6 28.9 
Butyl PROPASOL? Solvent 9.51 5.67 5.65 96 + 1.9 0.9 - 8 27.4 32.59 
CARBITOL Solvent, Low Gravity 10.34 4.35 6.89 78 4,7 0.5 ~ <1 35.2 49.6 
CARBITOL Solvent PM 600 10.3 - - 76 1.9 imm. 1.2 «1 
CELLOSOLVE Acetate 9.55 4.41 4.33 94 2.5 0.9 2.3 20 28.0 33.5 
CELLOSOLVE Solvent 10.7 1 4.43 7.42 59 4.9 1.1 4.5 32 29.4 47.1 
Hexyl CARBITOL Soivent 9.70 35.08 5.84 - 2.9 1.8 - <1 29.6 - 
Hexyi CELLOSOLVE Solvent 9.63 3.55 5.90 96 + 2.4 1.8 - 1 30.3 28.5 
Methyl CARBITOL Solvent 11.15 4.70 7.70 76 2.3 Imm. 1.0 «1 35.9 49.6 
Methyl CELLOSOLVE Acetate 9.9 - = 80 2.5 0.6 1.9 31 - - 
Methyl CELLOSOLVE Solvent 11.7 — - 42 4.0 Imm. 2.9 47 
Methyl PROPASOL Acetate 9.10 4.50 5.86 - 2.5 0.8 34 28.2 - 
Methyl PROPASOL Solvent 10.42 4.48 6.98 = 5.2 0.9 - 60 28.5 46.8 
Propyl CARBITOL Solvent 9.99 4.11 6.46 - - - - <1 - ~ 
Propyl CELLOSOLVE Solvent 10.16 4.10 6.77 69 4.0 2.0 - 22 26.7 - 
Propyl PROPASOL Solvent 9.55 3.89 5.89 - - 1.1 - 22 27.0 30.4 
UCAR® DPM Solvent 9.4 - 13.3 = 4.2 0.8 - 3 28.8 - 
UCAR Ester ЕЕР 9.0 4.1 4.0 - 1.4 0.7 - 11 27.5 - 
(a) All sotutions are percent by volume 
(b) 1 percent aqueous solution 
(c) 5 percent aqueous solution . 
Constant Boiling Azeotropic Mixtures of Glycol Ether Esters with Water 
Components Azeotrope 
и LLL 
Boiling Boiling ition, % by Wt, at 20°C Relative Sp. Gr. 
Specific Point, °Cat Рот гсак _ COMPosition. % by Wt. a Volume 20/20°С 
Gravity at 760mm 760 mm In in Upper In Lower of Layersia) of Azeotrope 
Solvent 20/20°C Hg Hg Azeotrope Layer Layer at 20°C |ауега) 
| 0.941 
0.9442 191.5 28.1 98.4 1.3 U 71.0 U 
РУЧНЕ 1.0000 100.0 "M 71.9 1.6 98.9 1290 10.999 
Cr 
= 5 95.5 24.5 Ц 31.2 0 0.972 
= V 0.9748 156.4 45.5 
Е am E 1.0000 100.0 iss 54.5 6.7 75.5 L688 (1011 
ше 
ЈЕ 48.2 = = S 
Methyl CELLOSOLVE Acetate 1.0067 145.5 1 Ж 1.05 
ОКО Water 1.0000 1000 2 51.8 = - 
> U 38 U 0.94 
du ® 0.9496 170.1 58.6 97.2 5.3 
E is ome 1.0000 100.0 97 61.4 2.8 94.7 L 62 L 0.99 


(а) U = Upper; L = Lower 


(continued) 
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Table 15.49: (continued) 


UCAR® Ester EEP as a Polymerization Solvent for an 


Esters 845 


Relative Viscosities of Lacquers at 25°C 


Buty! CELLOSOLVE® Solvent 
Butyl CELLOSOLVE Acetate 
Butyl PROPASOL? Solvent 
CARBITOL? Solvent PM-600 
CELLOSOLVE Acetate 
CELLOSOLVE Solvent 

Methyl CARBITOL Soivent 
Methyl CELLOSOLVE Acetate 
Methyl CELLOSOLVE Solvent 
Methyl PROPASOL Acetate 
Methyl PROPASOL Solvent 
Propyl PROPASOL Soivent 


Composition of Formulas 
R.S. ¥2-s Nitroceliulose (dry) 


Nonoxidizing Alkyd Resin 
(10096 basis) 


Maleic Hard Resin 
Dibutyi Phthalate 
Ethanol 

Soivent 

Toluene 

Xylene 

Total Parts by Weight 


Acrylic Resin 


Monomer Composition 
ingredient 


Styrene 

Butyl Acrytate 

Hexoxy Ethyl Acryiate 
Acrylic Acid 
Initiator 

Solvent 


Total 


Results 


Polymerization 
Solvent 


Methyl п- Ату! Ке(опе 
UCAR® Ester EEP 
“Exxate’(4 600 


Weight Percent 


50.8 
58.2 
15.7 
5.2 
4.4 
7,4 


100.0 


Ауегаде 
Polymerization Molecular 
Temperature, °C Weight 
155 19.480 
175 15.759 
171 17.592 


N Formula ND Formula NRAD Formula NRMD Formula 
100 200 300 100 200 300 100 200 300 100 200 300 
SROs «= EE: =a) eas 
ae [even] атана о GENE 
МЕЧЕ 455 НИЯ Pe Ree 
EAS 000 Sa has Insolubie 
ако (| . EUER um а 
иин на кке = 
АА 670 ШЕ zz Insoluble 
SaaS ЕИ Ге МЕКА 
тасын | а Insoluble 
Брајана к ше 1222-2222) БЕНЕН 
ESSE [52 l [cant] gam 
[f= | =>] m= НИ | 
100 200 500 100 200 300 100 200 300 100 200 300 
N Formula ND Formula NRAD Formula j NRMD Formula 
B.O 8.0 8.0 8.0 
- — 12.0 - 
- - -- 12.0 
- - — 4.0 
и 4.5 4.5 | 4.3 
92.0 41.7 55.7 53.7 
-- 25.0 20.0 19.0 
- 25.0 20.0 19.0 
100.0 100.0 100.0 100.0 
(Butyi Acetate = 100) 
Electrostatic Application 
Resistivity. 
Glycol Ether Esters megohms 
Methyi CELLOSOLVE Acetate 0.2 
Butyi PROPASOL Solvent 0.45 
Methyl PROPASOL Acetate 1.8 
Butyl CELLOSOLVE Acetate 5.0 
CELLOSOLVE Acetate 4.0 
UCAR Ester EEP 20.0 
Solids,(2) Viscosit y, C? 
% by Wt cP 
70 3440 
70 3150 
70 3850 


(1) "Luperox" 5OOR (Pennwait) 

(2) Polymerization solids were ~81%, reduced to 70% for viscosity studies 
(3) Brookfield model LVT 

(4) Exxon 


(continued) 


Table 15.49: (continued) 


1, 


Vapor Pressure, mm Hg 


Vapor Pressures of Esters vs Temperature 


Temperature, °F 
0 20 40 60 80 100 140 180 220 260 300 340 380 


0001 
эсо ИЕШЕ ШЕН ЕШ ИЛЕШ БЫ БЫ ЕШШ 





а а гер ЕЕ па 

600 Ethyl Acetate а» 
!воргору! Асетате || 

500 


n-Propyl Acetate [© ( 
isobutyl Acetate | 


Е | 
400 Butyl Acetate © Шш e 

® CELLOSOLVE (P Acetate 8 ВГ 
à ті 


Glycol Dieacetata 7 ™ 


10 
-30 -20 -10 о 10 20 30 40 50 БО 70 80 90 100 120 140 160 180 200 


Temperature, “С 


Vapor Pressure, mm Hg 


Temperature, ^F 
100 120 140 160 180 200 220 240 260 280 300 з20 340360 400 440 480 


700 a 


- Мату! CELLOSOLVE®@ Acetate 
“ш 


са 







Primary Amyl Acetate 
Buty! CELLOSOLVE® Acetate 
CARBITOL@ Acetate 


Butyl CARBITOL@ Acetate BEEN. 
Glyceryl Trilacetata | 
Triethylene Glycol Neve – —{— 
200 | — ез 


100 ШЙ 


20 


10 = | 
30 40 50 60 70 80 90 110 130 150 170 190 210 230 250 
Temperature, °C 


978 
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Table 15.49: (continued) 


Solubilities of Water in Esters 


Temperature, °F 


Butyl CARBITOL® Acetate 


SA 
| ті 


Water, % by weight 


isopropyl Acetate | 


Butyl Acetate 


Butyl СЕ игли 
Асе М” 


САН ture, зе 





Ester, % by weight 





Temperature, °C 
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Table 15.49: (continued) 


Fast to Intermediate Evaporating Liquids 


ABCD E F 
100 | 





Percent Evaporated 


Relative Time, hours (atmospheric conditions) 


сн 


— 


Relative Evaporation of Solvents 


Intermediate to Slow Evaporating Liquids 
IKL MN O P 


Percent Evaporated 
a 


10 





= o 


5 10 15 20 25 30 35 40 45 50 
Relative Time, hours (atmospheric conditions) 


ü 
0 


Slow to Very Slow Evaporating Liquids 


PR 5 T 





Percent Evaporated 
© © 


+= 
e 


JO 6 


20 ЩЕ 


10Ё 


0 я | 
О БО 100 150 200 250 300 350 400 450 500 


Relative Time, hours (atmospheric conditions) 


CHART KEY 


A Ethyl Acetate 

B Methyl Ethyl Ketone 

Č lsopropyl Acetate 

D Ethanol, Anhydrous 

E Propyl Acetate 

F lsopropanol, Anhydrous 
G Methy! Isobutyl Ketone 
Н Isobutyl Acetate 

I Butyl Acetate 

] Isobutanol 

K Butanol 

L Primary Amy! Acetate 

M CELLOSOLVE Solvent 

N Methyl CELLOSOLVE Acetate 
O Primary Amy! Alcohol 

P CELLOSOLVE Acetate 

Q Diisobutyl Ketone 

R Diacetone Alcohol (A/F) 
§ Butyl CELLOSOLVE 

T Butyl CELLOSOLVE Acetate 
U Glycol Diacetate 

V CARBITOL Acetate 

W Butyl CARBITOL Acetate 


(continued) 
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Table 15.49: (continued) 


Viscosity (Brookfield), cP 


Viscosity of UCAR” Phenoxy Resin PKHH Solutions 


| | | j 


8000 ЕВ = 1- ща: m 
7000 








14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
Total Solids, % by wt 


Evaporation Profiles in an Automotive Kefinish Thinner 


Weight of Solvent Remaining, gm 





0.01 0.10 1.00 10.00 100.00 1000.00 


Dry Time, min 


Esters 
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HIGHER FATTY ACID ESTERS 


Table 15.50: Emery Methyl Esters (63) 














SPECIFICATIONS TYPICAL COMPOSITION' 
Saturated Esters Unsaturated 
а ee ——— — —— = == -- —— —— La ды w ЕН Vid. Wis bey, ее е é Esters е қатем. 
lodine Color g Ф & Ф 2 Ф Ф 
Acid Value % Trans Typical В > to қ Б 5 5 % 9 
Value Sap. max. 440/550 Melting 8 до За Би Е © 5 o| $o е Ф 
М Маше (ang) nmmn, Ром | 69 99 до 86 26 66 26| 06 56 
EMERY® 2209 
Methyl Capryfate-Caprate 29 390980 04 857 0 3 5 40 2 0 — Ени 
EMERY® 2296 
MethyiLaurateo6 | 05 28498 05 950 5 ј UA ыы 
ЕМЕНУ 2290 
Methyl Laurate 90 ol 0.5 258-262 0.5 95/- 2 2 90 8 
EMERY® 2270 
Methyl Laurate 70 m n 251-255 0.5 Е -1 28 1 
ЕМЕНУ 2214 
MethylMyristale95 | | ЕИ И 230-234 0.6 eet mu и 17 95 2 
EMERY® 2216 
Methyl Palmitate 95 0.2 206-210 0.2 92/- 27 


2 95 3 
Nany но и мини з AE 
шинсыға || 00 Зоо ен ют d Е 
T 6 ЕК: 250-260 (7-11) 71/98? 4 7 2 
шанс аа во е — A 


' Typical compositions determined by GLC analysis, AOCS Ce 1-62. These compositions are not manufacturing specifications. 
? Not a specification. 
3 Color. Gardner 1963, max. 
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Table 15.51: Procter & Gamble Methyl Esters (39) 


Chemical Properties ceas сю сюз сла ай аю ао Cas сызу? 


Scponification Valu 295-305 195-205 
apo on Value (382) 95 
Add Value lÜmx  05mx 05 тх 10mx 05 05 03 15 10 
4 (06) (02. (03 сл ке ке ке Вто Oma 
lodine Value 14 max 06 тах | 06 тах 08 тах 08 тх 010 тах 60-70 85-95 
(5) (02) (03) (89) (01) (01) (007) 
Moisture, (%, 01 015 015 тах 0] 005 010 005 01 01 
уа (005) (006) — (64) (009 (008 (004) (5 Чек Olmos 
имао авина 
Physical Properties | 
талаана ааа наан анааан аана GÀ ———À—MÁn(À "—ÀÀg——— наан ааа аана наа а анааан ананна 
Specic Gravity 25/25¢ Тео бы бз бл. Тыл 56 
ү М0 py Ия Re Oe ки 
S A EE 
Melting Point 
нөн б со uU ш о 5 (6) 
Transmittance 460 nm 90 min 95min 95 min 85 min 96 min 95 min 95 min 80 min 90 min 
(9) (98) (94) (98) (99) 9 


ч» 

<= 

-— 
~ 
© 
чешки? 


Composition (GC%) 


Có 6.0 max 
(0.5) (4) 
C4 7-95 51-58 0.3 тах 
(72) (559) (04) (00) (0.0) (00) 
C10 34-42 950 тіп 0-3 1.0 тах 1.5 тах 2.5 max 
(6.2) (393) (96.6) (04) (0.3) (04) (0.5) 
C12 440-499 10 тох 52.5] 705-45 90-94 95 min 0.5 max 
(473) (0.5) (1.7) (55.6) (73.0) (91.7) (98.1) 
са 19-24 24-29 6-9 2.5 max 1.0 max 1.0 max 
(173) (0.2) (20.9) (26.3) (78) (14) 
C16 55-100 8-12 10 max 08 тох 0.5 max 25-32 02 
(97) (10.2) (0.2) (00) (00) 
C18 9.15 8 И 
(78) (12.3) 
(18) 53 73 
(1822 1 14 
СА5 Но 67%2-37-2 67762-39-4 10-42-9 67762-26-9 67762-40-7 67762-4027. -82-0 
“Wo! inventoried, requires 


549754 


158 
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Table 15.52: Stepan Esters (68) 


EP СЕ ата бра лл а аа 
FORM 


PRODUCT | INCI NOMENCLATURE @ 25°C APPLICATIONS 
нс SSR Е резче 2 Бананите 


ALCOHOL ESTERS 























KESSCO IPM ISOPROPYL MYRISTATE Liquid IPM has a dry, velvety, non-oily feel due to its ready absorption 
into skin. Generally used in premium formulations for velvety 
emolliency. 
KESSCO IPP ISOPROPYL PALMITATE Liquid IPP is a dry, soft non-oily emollient generally used in economical 
formulations. Excellent solvent for mineral oil, silicone and lanolin. 
KESSCO OCTYL OCTYL PALMITATE Liquid Dry, light, silky emollient. Enhances gloss in hair grooming 
PALMITATE products. Can be used as a binder in pressed powder makeup. 
KESSCO OCTYL OCTYL ISONONANOATE Liquid Very dry, non-oily properties that allow the skin to breathe. Has 
ISONONANOATE the lowest freeze point (-30*C) of all alcohol esters. May be 
used in antiperspirants, hair sprays and creams/lotions. 
KESSCO ICS ISOCETYL STEARATE Liquid Premium emollient recommended for make-up formulations seeking 
a dry velvety feel. 
KESSCO BS - BUTYL STEARATE Liquid Wetting agent for pigments and a fragrance solubilizer. 
KESSCO 653 CETYL PALMITATE Наке Cetyl Palmitate is a waxy ester that imparts good skin feel properties 


to cosmetics. It is used as a base in stick cosmetics and as an 
emollient thickener in creams and lotions. 





KESSCO 654 CETYL MYRISTATE Flake Similar to Kessco 653 but iower meiting point (47-53°C). 





GLYCEROL ESTERS 











KESSCO GMO GLYCERYL OLEATE Liquid Effective water-in-oil emulsifier. Often used in bath oils as a lubricant 
and spreading agent. Imparts slip to creams. 

KESSCO GOL GLYCERYL DILAURATE Solid Semi-solid ester recommended for free flowing lotions. Imparts slight 
emolliency. 

KESSCO GMS PURE GLYCERYL STEARATE Flake High purity ester containing no soaps. Acts simultaneously as an 


emulsifier, opacifier and bodying agent. Used in creams, lotions, 
antiperspirants, hair care products and sunscreens. 











KESSCO GMS 63F GLYCERYL STEARATE Flake Emulsifier for creams and lotions 

KESSCO GMS, S.E/A.S. - GLYCERYL STEARATE (and) Flake Excellent emulsifier for low pH (3-5) systems. Is relatively insensitive 
PEG 100 STEARATE to electrolytes in antiperspirants and cream rinses. 

KESSCO GMS 5.Е. GLYCERYL STEARATE S.E. Flake The S.E. grade allows the formulator to utilize GMS as a primary 

KESSCO GMS 24 5.Е. GLYCERYL STEARATE S.E. Flake emulsifier for oil-in-water systems at a pH of 5-9. Anionic modified 


for broader emulsification properties. 





KESSCO GDS GLYCERYL DISTEARATE Flake Emulsifier with extremely low HLB compared to KESSCO GMS PURE, 
but with similar functionality. 








SPECIALTIES 

STEPAN TAB-2 FLAKE DI(HYDROGENATED) TALLOW Fiake Emulsion and suspension product for triglycerides, mineral oil, 
PHTHALIC ACID AMIDE and silicones. 

STEPAN SAB-2 DI-STEARYL PHTHALIC ACID AMIDE Flake 

KESSCO CETYL ALCOHOL CETYLALCOHOL Flake Emollient, emulsion stabilizer, and viscosity modifier for skin and 


hair conditioners. 





(continued) 
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Table 15.52: (continued) 


ата не ST СЕЕ ВРА ОТ нане ната I ні 
FORM 


PRODUCT INCL NOMENCLATURE @ 25°C APPLICATIONS 
ta TE ен РИС УБИВ СЕРА ее NU M E. UN ВАС ES 


GLYCOL ESTERS 























KESSCO EGMS GLYCOL STEARATE Flake Excellent pearlizing agent for shampoos and liquid 
hand soap. 
KESSCO EGMS 70 GLYCOL STEARATE Наке Excellent pearizing agent recommended for use in tow 
solids formulations because it tends to increase viscosity. 
KESSCO EGDS GLYCOL DISTEARATE Наке Pearlizing agent for shampoos, handsoaps and bubble 
baths where no additional viscosity is required. 
KESSCO EGAS GLYCOL STEARATE (and) Flake Pearlizing and bodying agent that imparts a soft, smooth 
STEARAMIDE AMP skin feel to formulations due to the presence of a smail 
amount of amide. 
KESSCO DGMS PEG-2 STEARATE Flake Generally used as opacifiers in shampoos and lotions. 
KESSCO DGDS PEG-2 DISTEARATE Flake imparts emolliency and adds body to these types of 
formulations. 
KESSCO DGS NEUTRAL PEG-2 STEARATE Flake Used as an emulsifier and opacifier in creams and lotions. 
KESSCO DGS S.E. PEG-2 STEARATE Flake Emulsifier for hair care products, creams, lotions, 
(and) STEARIC ACID antiperspirants and sunscreens. 
KESSCO PGMS PURE PROPYLENE GLYCOL STEARATE Flake Good auxiliary emulsifiers and opacifiers. Has a 


melting point near body temperature and is used in 
suppositories, lipsticks and sunscreens. 











KESSCO PGML E PROPYLENE GLYCOL LAURATE Liquid Emollient and auxiliary emulsifier. imparts a soft, 
velvety feel to cosmetic products. 

KESSCO PGMS 8615 PROPYLENE GLYCOL STEARATE S.E. Flake Emulsifier for creams and lotions. 

KESSCO PGMS 534F PROPYLENE GLYCOL STEARATE Flake Food grade auxiliary emulsifier. Also used in creams, 


lotions and suppositories. 





POLYETHYLENE GLYCOL ESTERS 





KESSCO PEG PEG-4 to PEG-150 Liquids to Solids Non-toxic and non-irritating nonionic emulsifiers that 

200-6000 MONO LAURATE AND DILAURATE cover a wide HLB range They act as viscosity 

AND DILAURATES modifiers, emollients, opacifiers, spreading agents, 
wetting and dispersing agents. They may be used 

KESSCO PEG PEG-4 TO PEG-150 Liquids to Sofids in lotions, creams, make-up, bath oils, ointments, 

200-6000 MONO OLEATE AND DIOLEATE shampoos, conditioners, suppositories and sunscreen 

AND DIOLEATES products. 

KESSCO PEG PEG-4 and PEG-150 Solids 

200-6000 MONO STEARATE AND DISTEARATE 

AND DISTEARATES 

DREWPOL 3-1-0 POLYGLYCERYL-3 OLEATE Liquid The DREWPOL polyglycero! esters comprise a relatively 

DREWPOL 6-1-0 POLYGLYCERYL-6 OLEATE Liquid new class of emulsifiers for the cosmetic industry. 

DREWPOL 10-4-0 POLYGLYCERYL-10 TETRAOLEATE Liquid These products range from hydrophilic monoesters to 

DREWPOL 10-10-0 POLY GLYCERYL-10 DECAOLEATE Liquid lipophilic deca-esters. The polyglycerol esters are 


effective nonionic emulsifiers in both oil-in-water and 
water-in-oil emulsions. 





SPECIALTY OILS 

NEOBEE M-5 COSMETIC CAPRYLIC/CAPRIC TRIGLYCERIDE Liquid The Neobee and Wecobee oils are derived from edible 
WECOBEE S HYDROGENATED VEGETABLE OIL Flake vegetable oils. The Neobee's are used as emollients 
WECOBEE M HYDROGENATED VEGETABLE OIL Solid in creams and lotions. The Wecobee's are used as a 


replacement for cocoa butter in cosmetic products. 





KESSCO®, DREWPOL®, NEOBEE®, and WECOBEE® are registered trademarks of the Stepan Company. 
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ADIPATES 


Table 15.53: Mixture of Dimethyl Adipate and Dimethyl Glutarate (71) 


H;COOC(CH,),COOCH, 


х = 3-4 


This mixture of dibasic esters is used as a high boiling solvent and as an intermediate. 


DIESTER CONTENT. WT, & MINIMUM 
DIMETHYL ADIPATE. WT. Ж 
DIMETHYL GLUTARATE. WT. 7 
DIMETHYL SUCCINATE, WT. 7 МАХ. 

SOLUBILITY PARAMETERS (HANSEN SYSTEM) 
PoLAR BONDING 
HYDROGEN BONDING 
NoN-PoLAR BoNDING 
SOLUBILITY PARAMETER 


0.5 


99 WATER CONTENT, WT. Z MAXIMUM 
30-45 AVERAGE MOLECULAR WEIGHT 165 
55-70 SPECIFIC GRAVITY 1.082 - 1.090 а 25/25°С 
3 DisTILLATION RANGE, °C 210 -225 
EVAPORATION RATE 
3.29 BuAc = 100 «1 
4.02 Viscosity @ 25°C, CeNTIPOISE 2.38 
7.03 FREEZING POINT -13*C (APPROx.) 
8.75 FLASH POINT 219*F Созво Сир 


Table 15.54: Mixture of Dimethyl! Adipate, Dimethyl! Glutarate and Dimethyl! Succinate (11) 


н,соос(сн,),соосн; 


x=2-4 


This dibasic ester mixture is used as a high boiling solvent in industrial and automotive coatings. 


DIESTER CONTENT, WT., Z MINIMUM 
DIMETHYL ADIPATE. WT. & 
DIMETHYL GLUTARATE. WT. & 
DiMETHYL SuccINATE, MT. £ 

SOLUBILITY PARAMETERS (HANSEN SYSTEM) 
PoLAR BONDING 
HYDROGEN BONDING 
NoN-PoLAR BoNDING 
SOLUBILITY PARAMETER 

WATER CONTENT, WT. #4 MAXIMUM 

AvERAGE MOLECULAR WEIGHT 

SPECIFIC GRAVITY 

DISTILLATION RANGE, °C 


EVAPORATION RATE 
BuAc = 100 


Viscosity @ 25°C, CENTIPOISE 
FREEZING POINT 
FLASH POINT 


99 

20-50 
40-60 
20-50 


5.4 
4,1 
8.5 
10.1 
0.5 
160 
1.082 - 1.090 а 25/25°С 
196 - 225 
«1l 


2.39 
-20°C (Аррвох.) 
212°F Tac CLoseD 


Table 15.55: Dialkyl Adipate (75) 









O 
| 
C—-O-H  hRsmxed,C;&C, SANTICIZER 97 
| exa 
(C H3) 
С-О-А 
| 
O 
Table A. Properties ©. | A. Properties 
e Acidity 3 >. 
(meq/100 gm. max) 
. Па (KF in T 





Methanol) %, max. 


« Refractive Index (@25°C) 1.441--1.447 















e Specific Gravity 0.916 — 0.924 
(20 120.0) 
Density (@ 25°C) ad 
са. 105./да!. 
Boiling Point 


@ 10mm Hg, °C 
Vapor Pressure (mm Hg) 
@ 200°C 
@ 250°C 
Viscosity (Centistokes) 12.8 
@ 25°C 


Surface Tension 30.3 
@ 25°C (dynes/cm) 


Flash Point (C.O.C.) PF.) 400 
Fire Point (C.O.C.) [*F.] 450 


Solubility In Water 













@ 25?C,96 . «001 
CAS Number 68515-75-3 
* Specification 


Table B. Comparison of Seven Commercial Low-temperature Plasticizers 
at Three Levels in PVC 


Flex Temperature, °C., Clash-Berg Method 














35 PHR - 33.5 —:29.1 — 33.4 — 27.0 — 26.7 - 32.0 - 32.2 
50 PHR - 56.7 - 52.9 - 55.0 - 48.8 — 49.4 — 54.4 - 54.7 
67 PHR - 67.5 - 64.3 - 61.0 - 62.0 - 62.2 - 66.3 - 68.5 









Carbon Volatility, % Piasticizer lost, 24 hrs. at 87°C. 


35 PHR 10.2 13.2 9.8 5.5 3.2 4.3 2.1 
50 PHR 9.7 13.3 9.6 5.4 3.5 3.8 2.1 
67 PHR 9.8 13.1 9.7 5.0 3.0 3.8 2.1 


Shore A Hardness, 10 sec. reading 


35 PHR 92 91 93 95 96 92 94 
50 PHR 82 81 83 86 90 82 85 
67 PHR 71 71 72 76 80 73 74 


Water Sensitivity, 24 hrs. at 50°C., % water absorbed/% soluble matter lost 


.32/.07 .35/.07 .36/.08 .35/.05 .37/.08 .32/.04 .31/.02 
.31/.18 .31/.16 .31/.20 34/.13 | .32/.16 .25/.09 .23/.08 
.33/.20 .33/.25 .32/.22 .36/.15 431/.15 .31/.09 .26/.07 


Kerosene Extract, % Plasticizer lost, 24 hrs. at 23°C. 



























24.6 13.5 30.4 23.4 49.8 19.4 31.4 
(42 42.5 68.3 71.8 73.0 71.8 74.7 
77.0 га 76.3 75.7 80.4 74.9 



















Loop Compatibility — Degree of exudation: О = dry, no exudation; 10 = dripping wet 
35 PHR 4 hours 


1 day 
1 week 


50 PHR 4 hours 
1 day 
1 week 


67 PHR 4 hours 
1 day 
1 week 


OON ONN С 

ооо очо оь 
OON COON OND 
ONN NON аа 
DON DON NNW 
ONN NON NNO 
ONN AON NNG 







со 
г 
A 
Cn 
сл 
сл 
о 
со 
сл 
со 
сл 
со 


Cumulative rating 44 


(lower is better) 





Table C. Adipate Performance in Plastisols (65 PHR) 





Brookfield viscosity, poises, 50 RPM (HAT #6 Spindle) 
Santicizer® 97 Dioctyi adipate 














Initial 8 12 

7 days 10 20 

28 days 12 26 

Initial 8 10 

7 days 17 32 

28 days 24 43 

Initial 8 11 

7 days 31 42 

28 days 51 62 

Severs 10 psi 8 8 
Viscosity 50 psi 


poises 100 psi 


542184 


559 


Tabie 15.56: Dioctyi Adipate (75) 



















О 
| 
C -O- CgH,; 
(С Н2)4 ООА 
C-O-CgHi7 
| 
O 
Table A. Properties 
* Acidity 0.25 
(meq/100 gm. max) 
» Moisture (KF in 0.10 
Methanol) %, max. 
e Specific Gravity 0.921 — 0.927 
(25°/25°C) 
Density (@ 25°C) 7.72 
ca. lbs./gal. 
Boiling Point 224 


@ 10mm Hg, °C 
Vapor Pressure (mm На) 
@ 200°C 
@ 250°C 
Viscosity (Centistokes) 
@ 37.8°С 
@ 98.9°C 
Surface Tension 29 

@ 20°C (dynes/cm) 
Thermal Expansion 
Coefficient 

@ 10°— 40°C 

(сс/сс/“С) 































Solubility In Water <0.01 
@ 25°C,% 
* Specification 


Table B. Dioctyl Adipate Performance in PVC (40 Mil Sheet) 


(30%) (40%) (50%) 
43 РНК | 67 PHR | 100 PHR 


Volatility (% Lost) (Activated Carbon) | 14 | 
Low-temperature Flex, Tf°C | -46 | -66 | < —- 70 


Water immersion (24 hours): 
96 soluble matter lost 0.05 0.10 0.07 
% water absorbed 0.40 0.66 0.82 
Kerosene extraction МЕ У >70 
(% plasticizer lost) 


Shore “A” Hardness 


Migration, Linde Silica: 
1 day 

























7 days : 
2560 
[Eoo —  — à 1 à. 1| 39 | 40 _ 


[Heat Stabiity —  — —  — боса | 
[ MigraonResistancetoNiroceluose | | — — — — — | Ро | 
Electrical Properties „Еак Fair 


‘Tne Oxygen Index Test results are not intended to reflect perlormance of these or any other materials under actual fire conditions. Each user should 
determine independently whether potential fire hazards are associated with the finished product and whether DOA is suitable lor the particular use. 


Table C. Dioctyl Adipate Performance in Plastisol Formulation 





initial 
7 Days 
28 Days 
10 psi 
50 psi 
100 psi 
Yield value, dynes/cm? 
Flow Index 
Gel Temperature, °C 
Fusion, Relative Temperature, °C 
"Air-release Rate 
"Resilience, steel ball, inches 
"Ейсеосу Сопс. Ад. 1060” Shore A Hardness 


зоодригц згидагоф апр 9589 
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OXALATES 


Table 15.57: Diethyl Oxalate (2) 


(COOC 


Ethyl Ethanedioate 2Н5/2 


Diethy! oxalate is a water-white liquid with a mild odor. It is used as a slow-evaporating nitrocellulose solvent, in 
special lacquers for fixing rare salts on the cathode of radio tubes and in organic synthesis. 


Acidity (as oxalic) 

Blush resistance at 60° F (10% 
$ вес. R.S. nitrocellulose so- 
lution) 


Coefficient of expansion 
per 1°F 
per 1°C 
Color 
Dilution ratio 
Toluo! 
Petroleum naphtha 
Distillation range 
Below 180°C 
Below 182°C 
Below 188°C 
Above 190°C 
Dryness at 20°C 


Flash point (Open Cup) 

Non-volatile matter 

Odor 

Purity 

Specific gravity at 20/20°C 

Water solubility at 25°C 

Viscosity (10% 4 sec. R.S. пі- 
trocellulose solution) 

Weight per gal at 20°C 


Table 15.58: Dibutyl Oxalate (2) 


0.05% by wt, max 
Clear 90% Relative humidity 
Blush 


0.00056 
0.00101 
Water-white 


3.5 
0.7 


None 

Not more than 10% 

Not less than 90% 

None 

Miscible without turbidity with 20 
yolumes 60° Bé gasoline 

168°F 

0.005 gm per 100 cc, max 

Mild, non-residual 

9995 min 

1.075-1.079 

10 cc solvent dissolves 1.5 cc water 


380 centipoises 
8.96 Ibs (approx) 


C H,OOCCOOC ,H 


49 


49 


Dibuty! oxalate is a high=-boiling, water-white liquid with a mild odor and having a tendency to hydrolyze and split off 
oxalic acid. It is miscible with most alcohols, ketones, oils and hydrocarbons, and is a solvent for benzyl abietate, 
cellulose esters and ethers, “Cumar" resins, ester gum, copal ester, "Glyptal" resins and mastic. It is used in nitrocellulose 
lacquers as a plasticizing solvent for the purpose of fixing rare earth salts on cathode elements, and in organic synthesis. 


0.05% by wt, max 
Clear 90 Relative humidity 


Acidity (as oxalic) 
Blush resistant at 90°F (1.0% 


К.В. $ sec. nitrocellulose so- Blush 
lution) 
Coefficient of expansion 
per 1°F 0.00053 
per 1°C 0.00095 
Color Water-white 
Dilution ratio 
Toluol 2.3 
Petroleum naphtha 1.0 
Distillation range: 
Below 240°C Not more than 5% 
Below 248°C Not less than 90% 
Above 255°C None 


Miscible without turbidity with 20 
volumes 60° Bé gasoline 


Dryncas at 20°C 


Freezing point —30.0?C 
Non-volatile matter 0.005 gm/100 cc, max 
Solubility of water in solvent 0.5% by vol 

at 25°C 
Specific gravity at 20/20°C 0.980-0.993 


Viscosity (10% 1 sec. nitrocellu- 800 centipoises 
lose solution) 


Weight per gal at 20°C 8.24 lba 
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Table 15.59: Diamyl Oxalate (2) 


СН ООССООС, Н. | 


Diamy! oxalate is a colorless, oily liquid miscible with most lacquer solvents, oils and hydrocarbons. t is a solvent for 
ester gum, copal ester, "Cumar" resins, alkyd resins, mastic, nitrocellulose and shellac. It is used as a plasticizer and in 
paint and varnish removers. Like other oxalates, it has a tendency to hydrolyze. 


Boiling point 265°C. 
Flash point 116°C. 
Specific gravity 0.97 
LACTATES 
Table 15.60: Methyl Lactate (2) 
CH,CH(OH)COOCH, 


Methyl lactate is a water-white liquid, completely miscible with water and most organic liquids. It is a solvent for 
nitrocellulose, cellulose acetate, cellulose acetobutyrate and cellulose acetopropionate. It is used in the manufacture 
of lacquers and dopes where it contributes high tolerance for diluents, good flow and blush resistance. 


Acidity (as lactic) 0.15% by wt, max 
Boiling point 144.8°C 
Color Water-white 
Distillation range: 
Below 115°C None 
Between 141°C and 145°C Not less than 60% 
Above 155°C None 
Flash point §1.7°C 
Heat of combustion 4778 calories per gram 
Freesing point Approx 66°C 
Non-volatile matter 0.01 gram per 100 cc, max 
Purity 95% min 
Refractive index at 20°C 1.4131 
Specific gravity at 20/20°C 1.087 to 1.097 
Water at 20°C No turbidity wben mixed with 19 
volumes of 60° Bé gasoline 
Weight per gal at 68°F 9.09 Ibs 


Table 15.61: Ethyl Lactate (2) 


С Н.С НО Н)СООС„Н, 


Ethyl lactate is a colorless and almost odorless liquid, which, upon evaporation, will sometimes develop a disagreeable 
odor. This is owing to the lactides, or inner anhydrides, contained in the lactic acid made by fermentation.: It is mis- 
cible with water, alcohols, ketones, esters, hydrocarbons and oils. Ethyl! lactate will dissolve cellulose acetate and 
nitrate and many of the ethers of cellulose. It is also a solvent for basic dyes, alkyd resins, kauri, manila, pontianac, 
rosin, shellac and vinyl resins. Ethyl lactate has high solvent power and equally high tolerance for nonsolvents and dil- 
uents. These exceptional properties are accounted for by the existence of both an alcohol and an ester group in its 
molecule. 


Its rate of evaporation is slow but this is desirable for brushing lacquers. The presence of ethyl lactate in a solvent mix- 
ture imparts good working qualities and good flow, and permits the application of a thin coat on almost any surface. The 
resulting films are smooth and uniform, although at times the film will remain soft for a longer period than is anticipated. 
Its solvent action is slower than that of butyl or amyl acetate and the resulting solution has a high viscosity. However, 
it will tolerate two or three times as much nonsolvent or diluent. In fact, a solution of pyroxylin in ethyl lactate will 
tolerate the addition of 25 percent water without precipitation. As far as water tolerance is concerned it has no rival 

in the field of solvents. Ethy! lactate is useful as a lacquer solvent for cellulose nitrate, acetate and ethers. It is used 


in the preparation of stencil sheets, incandescent mantle lacquers and in laminated glass. | 
(continued) 


Table 15.61: (continued) 


Table 15.62: Butyl Lactate (2) 


Esters 


Physical Properties and Specifications 


Acidity (as lactic) 

Color 

Distillation range: 
Below 102°C 
Below 139°C 
Below 155°C 
Above 173°C 

Dryness 


Non-volatile matter 


Odor 
Purity 

; ; 20°C 
Specific gravity at %С 


Blush resistance at 90°F (10% 
4-sec. R.S. nitrocellulose 801.) 


Coefficient of expansion 


Dilution ratio 


Evaporation rate at 95°F 
Per cent 
Minutes 
Flash point 
Viscosity 
(10% 4-sec. R.S. nitrocellu- 
lose solution) 
Water solubility 


CH4C H(OH)COOC 


0.08%, max 
Water-white 


None 

Not more than 10% 

Not less than 90% 

None 

Miscible without turbidity with 20 
vols 60° Bé gasoline at 20°C 

0.005 g/100 cc, max 

Mild, non-residual 

9605 min 


1.020-1.036 


Clear 8095 Relative humidity 
Blush 85% 
peret 
0.00104/1°C 
5.5 with toluene 
0.8 with petroleum naphtha 


5 25 50 75 90 95 
4 23 471 78 924 101 
129?F. (approx) 
195 centipoises 


Soluble in ali proportions (25°C) 


ш 


859 


Buty! lactate is a colorless liquid having a mild odor. The commercial grade contains condensation products and its physi- 
cal and chemical properties will vary. It is miscible with many of the lacquer solvents, diluents and oils. 1t will dissolve 
such substances as cellulose esters, "Cumar" resins, ester gum, copal ester, alkyd resins, mastic and shellac. |t has a high 


tolerance for nonsolvents and it evaporates slowly. Its presence in a solvent mixture will impart brilliance, gloss, adhesion, 


flexibility and tenacity to the film. It is used as a solvent in lacquers, in stenci! manufacture and in lithographic and 
printing inks. It is also used as an anti-skinning agent, as an intermediate, and in’ perfumes. 


Purity 

| 4 20%С 
Specific gravity at 20°С 
Acidity (as lactic) 
Water 


Non-volatile matter 
Color 
Distillation range 
Below 140°C 
Between 155°C and 195°C 
Between 187°C and 189°C 
Dry point 
Molecular weight 
Odor 
Flash point 
Freezing point 
Weight per gallon 
Solubility in water 
Solubility of water 
in butyl lactate 
Refractive index 
Vapor pressure 
Heat of vaporization 


95% ester by wt, min 
0.974 to 0.984 


0.15% max | 
No turbidity when mixed with 19 
vols of 60° Bé gasoline at 20°C 


0.01 g per 100 cc, max 
Water-white 


None 

Not less than 60 per cent 
Not less than 90 per cent 
Not above 200°C 

146.11 

Mild (No residual odor) 
71°C (159.8°F) 

—43°C 

8.15 ibs. (68°F) 

3.4% by vol (25°C) 


13.0% by vol (25°C) 
1.42162 (20°C) 

0.4 mm Hg (20°C) 
77.4 cal/g (20°C) 
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Table 15.63: Amyl Lactate (2) 
СН.СНОНСООС,Н | 


Amy! lactate is a colorless to pale yellow nontoxic liquid with an odor like that of brandy. Its composition varies con- 
taining lacticides among other things. It is miscible with alcohols, ketones, esters, hydrocarbons, oils, and so forth. 

It is a solvent for cellulose ethers, "Cumar" resins, copal esters, mastic, nitrocellulose and shellac, and will dissolve alkyd 
resins when combined with alcohol. It is used as a plasticizer for cellulose derivatives. 


Acidity (as lactic) 0.05% by wt., max. 








Color Water-white 
Distillation range at 20.mm. 100% between 75°-150°C. 
Flash point 175*F. 
Purity At least 9595, min. 
Specific gravity at 20°C. 0.954-0.966 
Weight per gal. 7.99 15. 
Table 15.64: Physical Properties of Lactates (2) 
ВР. SAPONIFICATION BP. SAPONIFICATION 
аР. GR. пика on BP, on, ыы” та 
с | Mm. Calcd. | Found є | Мо. Caled. | Found 
Lactic Esters Acetoxypropionate Esters 
Methyl 144.8 | 760 | d! 1.0898 по 1.4132 Methyl! 171.5 | 760 |d'21.088 | ng 1.4111 
Ethyl 154.5 | 760 d" 1.0308 пр 1.4121) Ethyl 177 733 | 4" 1.0458 пр 1.4085* 
n-Propyl 86 40 T 0.996 | np 1.4167" п-Ргору! 195-6 | 766 | 484 1.0163 | па 1.4123 
Творгору! 166-8 | 760 : o 0.998 | np 1.4082 Isopropyl 182-3 | 765 | di; 0.9920 | np 1.4058 
n-Butyl 185 760 14::0.973 | np 1.4214 n-Butyl 213-4 | 767 | d'$ 1.0001 | np 1.4147 
Isobutyl 96 40 го 0.971 | np 1.4183* Isobutyl 205 763 1. 0.0952 | n5 1.4140 
вес-Виќу1‹ 180 760 io 0.974 „ n-Amyl 226-7 | 763 | d$, 0.9822 | np 1.4199 
n-Amyl 112 40 зо 0.952 пр 4254» Isoamyl 221-2 | 763 | d1$ 0.9838 | np 1.4190 
Isoamyl 82 7 | dj, 0.9614 | mp 1.4240 | 350 | 353 n-Hexyl 135 17 | 98: 0.9770 | пр 1.4232 | 519| 519 
п-Неху! 75 2. 19::0.9533 | пр1.4290 | 322 | 322 2-Ethyl butyl 127 14 | 41% 0.9822 | пу 1.4945 | 519 | 522 
2-Ethyl butyl 104 12 143:0.9615 | np 1.4307 | 322 | 321 2-Ethy] hexyl 145 13 | 428 0.9629 | п? 1.4298 | 460 | 462 
2-Ethyl hexyl 112 3.6) dij 0.9405 пр .4358 | 277 | 278 Lauryl 165 4 | 4?“ 0.9304 | n5 1.4373 | 373 | 870 
Leuryl 180-3 | 4 | 41 0.9108 | пр 14483 | 217| 212 Phenyl ethyl 139 4 |d?! 1.0983 | n5 1.4896 | 475| 476 
Phenyl ethyl 124 4 | dik 1.0979 пр 1.5073 | 289; 293 Acetoxyethyl (glycol mono-| 145 10 | d3! 1.1489 | np 1.4207 
Glycol4 140 10 | 414 1.1967 | пр 1.4452 419 | 413 lactate diacetate) 
Glycerol4 175-804 2 я Вепзу! 145.8 4 |d’? 1.1227 | па 14.4874 
Benay? 134 4 id’? 1.1355 | пр-1 5049 Glycerol monolactate tri- 
Stearyl 180“ 2 actetates 
е Where no reference is given, the properties were determined by the authors. * Monolactate. 
* Properties not given in the reference but determined by the authors. * Decomposed. 
* Compounds not prepared by authors. 
CARBONATES 
Table 15.65: Diethyl Carbonate (2) 
Ethyl Carbonate 
DIATOL (contains 9096 diethyl! carbonate; (C, На) С O4 
Acidity (as carbonic) 0.02% by wt, max Evaporation rate at 95°F (in 
Blush resistance at 90°F (10% Clear 85% Relative humidity minutes) 
{ вес. R.S. nitrocellulose so- Blush 90% 5% 1} 
lution) 25% 7% 
50% 144 
75% 24 
Boiling point 180°C 90% 311 
Coefficient of expansion 95% 343 
per 1°F 0.00066 Flash point 89°F 
per 1°C 0.00119 Freezing point 48.2°C 
Color Water-white Non-volatile matter Not more than 0.005 gm per 100 cc 
Dilution ratio Purity 98-100% 
Toluol 0.6 Solubility in water 69% by wt 
Petroleum Naphtha 0.4 Solubility of waterinsolventat 1.4% by vol 
Distillation range: 25°C 
Below 120°C None Specific gravity at 20/20°C 0.973-0.977 
Below 128°C Not lesa than 90% Vapor pressure at 103°C 54 mm Hg 
Above 130°C None Weight per gal at 20°C 8.11 lbs (approx) 


Miscible without turbidity with 20 
vols 60° Bé gasoline 


Dryneas at 20°C 


Table 15.66: JEFFSOL Carbonates (48) 
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JEFFSOL Ethylene Carbonate 
(CAS 96-49-1) 


STRUCTURE 
НС —O ~ 


ае е 
H2C—O 


DESCRIPTION 


Mol. wt. 88.06 


A low-melting point solid, practically odorless 


and colorless. 


SALES SPECIFICATIONS 


Appearance 


Melt shall be clear 
and substantially free 
of suspended matter 


Color, Pt-Co 40 max. (supercooled 
liquid) 

Assay, wt. %! 99.5 min. 

Ethylene glycol, wt.% 0.2 пах. 

Water, wt. 95? 0.1 max. 

TYPICAL PROPERTIES 

Boiling point, 760 mm Hg, ^C 248.2 

Flash point, PMCC, ?C 160 

Melting point, °C 36.4 

Weight, lb/gal, 20°C 11.0 

VEL, (v/v) at 200°C 26.8% 

LEL, (v/v) at 200°C 4.590 

Autoignition temp. 447-450°C 


'GC Assay on water free basis 
?Karl Fisher Assay 


JEFFSOL Propylene Carbonate 
(CAS 108-32-7) 


STRUCTURE 
НСО. 
| „С=О 
Но-о 
CH3 
Mol. wt. 102.09 
DESCRIPTION 
A clear, mobile, hygroscopic liquid at room 
temperature. 
SALES SPECIFICATIONS 
Appearance Clear and sub- 
stantially free of 
suspended matter 
Color, Pt-Co 40 max. 
Assay, wt. 96! 99.7 min. 
PG, wt. 96 0.2 max. 
Water, wt. 96? 0.1 max. 


TYPICAL PROPERTIES 

Boiling point, 760 mm, °C 242 

Flash point, PMCC, °F 275 

Melting point, °C -49.2 

Vapor pressure, mm Hg, 20°C 0.02 

Weight, lb/gal, 20°C 10.1 

Ash, wt. % 0.01 max. 

Specific gravity, 20/20°C 1.203 min. 
1.210 max. 

UEL, (v/v) at 200°C 26.8% 

LEL, (v/v) at 200°C 4.5% 

Autoignition temperature 430°C 
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Table 15.66: (continued) 


Dielectric Constants of Mixtures 
JEFFSOL EC, WT % 


Solvent Temperature 0 20 40 60 
Benzene 25°C 2.27 9.47 | 212 38.6 
40°C 2.24 9.03 20.0 36.1 
Methanol 25°C 32.6 39.1 47.4 58.6 
40°C 29.8 35.9 43.7 54.0 
JEFFSOL PC 25°C 65.0 . 69.1 74.6 80.5 
Water 25°C 78.5 80.5 81.6 83.3 
JEFFSOL PC Solubility 
g Solute in 
100 g JEFFSOL PC 
Substance at 25°C Substance 
Acetone © Carbon tetrachloride 
Benzene 90 Castor oil 
n-Butanol oo Cellulose acetate 
2-Butoxyethanol © Celiulose acetate butyrate 
Chloroform © CoCi, -6H,0 
Dibutyl sebacate oc Co(NO4)5 : 6H50 
Diethylene glycol © Coumarone-indene 
Diethylene glycol DDT 
monobutyl ether oc Dioctyl sebacate 
Diethylene glycol Epichlorohydrin-bisphenol 
monomethyl ether © Ester gum 
Diethyl ether 90 Ethy! cellulose 
Di (2-ethyihexyl) phthalate ос Gum shellac 
Dimethylformamide © п-Нерїапе 
Ethanol © НОСІ. 
Ethyl acetate со Lignin 
Ethylene dichloride 95 Lindane 
Ethylene glycol © Methyl chloride 
Methanol © NiCl, -6H,O 
2-Methoxyethanol © Ni(NO4), - 6H20 
Methyl ethyl ketone oc Nitrocellulose 
Nonylphenol oc Nylon 
Ortho-nitrobiphenyl © Potyacryionitrile 
Polyoxyethylene glycols Polyoxyethylene glycols 
(mol. wt. 400 and 600) ос (mol. wt. 1000 and 4000) 
Propylene oxide оо Polyvinyl chloride 
JEFFSOL EC хо Polyvinyl chioride- 
Toluene оо polyvinyi acetate 
Tricresyl phosphate oc Polyvinyl chloride- 
Triethylene glycol polyvinylidene chloride 
di-2-ethyl hexoate oo Polyvinylidene chloride- 
Xylene 95 polyacrylonitrile 
Rosin, dibasic acid 
modified 
Acetylene 0.6(40°C) Tri(2-ethylhexyl) phosphate 
Alkyd resin, long oil- Urea 
nonoxidizing >10(60%С) Water 
Camphor 80 


80 100 
62.8 Solid 
58.5 89.1 
74.0 Solid 


87.2 Solid 
86.4 Solid 


g Solute in 
100 g JEFFSOL PC 
at 25*C 


100 

«1 
>10(30°C) 
>10(30°C) 
3.0(40°C) 
25.4(40°C) 
>10(110°C) 
17 

2 
>10(30°C) 
>10(120°C) 
>10(145°C) 
>10(175°C) 
4.1 
21.0(40°C) 
>10(30°C) 
18 
4.1(40°C) 
0.4(40°C) 
5.8(40°C) 
>10(30%С) 
>10(190°C) 
10(90°C) 


>100 
>10(100°C) 


10(30°C) 
10(130°C) 
10(110°C) 
>10(120°C) 
5 


<1 
8.3 


(continued) 
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Table 15.66: (continued) 


JEFFSOL EC Solubility 


g Solute in g Solute In 
100 g JEFFSOL EC 100 g JEFFSOL EC 

Substance at 40°C Substance at 40°C 
Benzene oo Coumarone-indene >10(190°C) 
Buty! acetate ос Dibutyl sebacate <2 
Chioroform о Dioctyl sebacate «1 
Dichloroethyl ether oo Di(2-ethyihexyl) phthalate <2 
Ethanol ос Epichlorohydrin-bisphenol >10 
Ethyl acetate 20 Ester gum >10(200°C) 
Ethylene dichloride со Gum shellac >10(160°C) 
Formamide © НОСІ. 49 
Methanol ос Lignin >10 
Methylene dichloride ос Naphthalene 15 
Nonviphenol оо Ni(NO 3) < 6H,0 74 
JEFFSOL PC оо Nitrocellulose >10 
Toluene оо Nylon, Type 8 
Tricresyl phosphate ос molding powder >10(130°С) 
Water ог Polyacrylonitrile >10 

Polyoxyethylene glycols 100 

Rosin, dibasic acid 
Acetylene 0.6 modified >10(205°C) 
Alkyd resin, long Sulfur dioxide 26 

oil-nonoxidizing >10(160°C) Triethylene glycol 

Camphor, USP 55-60 di-2-ethyl hexoate 5-7 
Castor oil, USP <1 Tri(2-ethylhexyl) phosphate «2 
Cellulose acetate >10(100°C) Urea 1.5 
Cellulose acetate butyrate >10(130°C) Vinylidene chloride- 
CoCi, - 6H,O0 33 acrylonitrile 10(110°C) 
Со(МмО); · 68,0 37 ZnCl, 33 


Density of JEFFSOL EC 


DENSITY, g/ml 





110 120 130 140 150 160 


TEMPERATURE, °C 
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Table 15.66: (continued) 


Density of JEFFSOL PC 


ALLLLLLLLLLELLLLL. 
МА || __ || ||| || | 
МА | | (4 ||| 


Freezing Points of JEFFSOL EC-JEFFSOL PC Mixtures 


LL LL LLLI LU LÀ 
fit tty tt yy 
pt itt Pit Yi | 
|| ||| ИЙ ТІ: 
[LL LL LLL Uu || 










1.26 





DENSITY, g/ml 
5 
| 


TEMPERATURE, °C 
i 
5 


TEMPERATURE, °C 


99 100% JEFFSOL EC 
°% JEFFSOL PC 


(continued) 
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Table 15.66: (continued) 


Viscosity of JEFFSOL EC Viscosity of JEFFSOL PC 


VISCOSITY, cp 
VISCOSITY, cp 









ПРЕ =] 
Нн экее 
ЕН | 


- - 10 20 30 40 50 60 70 110 120 130 140 150 
TEMPERATURE, *C TEMPERATURE, x 





548151 


$98 
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Vapor Pressure of JEFFSOL PC 
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PHTHALATES 
Table 15.67: Alkyl Benzyl Phthalates (75) 


SANTICIZER 261 








Table A. Properties 
Molecular Weight 368 ‘| Viscosity (Centistokes) 
° Acidity 0,37 @ 25°C 53 
(meq/100 gm. max) @ 98.9°C 
e Appearance Clear, oily liquid Surface Tension 
* Color (APHA) [max. 75 @ 24°C (dynes/cm) 
* Moisture (KF in Methanol) 0.15 Thermal Expansion 
96, max. Coefficient 
@ 10°—40°С 
кос) 
• Specific Gravity 1.065 — 1.074 Flash Point (C.O.C.) °F.) 445 
(25°/25°C) Solubility In Water 
Density (@ 25°C) 8.9 @ 25°C, % 0.00003 
ca. Ibs./gal. Hydroxyl number «3 
Pour Point (°C) —45 CAS Number 68515-40-2 
Boiling Point 252 * Specification 
(i 10mm bg, °C 
Vapor Pressure (mm Hg) 
@ 200°C 0.5 
@ 250°C 9.7 


Table B. Santicizer® 261 — Properties of Acrylic Lacquers 


Weatherometer 
Piastici Solvent 
EHE | ice” | ae | мб ОМ Р шш 
| Santicizeret60 — | F/H | Std — Sta | 37SR | 4 [ checked | checked | Std. — 
[Santicizer261 | РН | * ^ * | 6658 | 6 | | спескеа | OK | Equiv | 


1. Pencil Hardness — The film is harder than the top letter, softer than the bottom letter. 

2. Specular Reflection (SR) or plate glass covers over breakers in which the plasticized filrns were heated for 1 hr. « 110"C. 

3. Celiopharnw Tape moelthiod. 

4. Coated panelis conditioned at 5 and 10" C. — a drop of methyl ethyl ketone was applied and allowed to dry. Crazing determined Dy visual observation 
(with magnifying lens). 

5. Panels immersed in water at 40°C. for 100 hours — rated by ASTM test 0-714. 







Table C. Santicizer®261 — Performance in PVC 


(30%) (40%) (50% 
43 PHR 67 PHR 100 PHR 


Volatility, 24 hours at 87°C in carbon 
Low-temperature flex, Tt °C 

Water extraction, 24 hours at 50°C 
Kerosene extraction, 24 hours at 23°C 
Shore ''A’’ hardness, 10 second reading 





Table D. Santicizer* 261 — Performance in Plastisol Formulation 


Viscosity, poises Brookfield HAT #6 Spindle 
50 АРМ 

Initial 

7 Days 

28 Days 

initial 

7 Days 

28 Days 


БЕ тоа 


7 Days 
28 Days 


10 psi 
Severs 50 psi 
100 psi 


Yield Value, dynes/cme 

Flow Index 

Gel Temperature, °C 

Fusion, Relative Temperature, °C 
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Table 15.67: (continued) 


Table E. Plasticizer Effect on Polysulfide Polymer Table F. Polysulfide Strength at Break as a Function 
Strength of Plasticizer Level 


e 

а 
2 т 
: © 
o 
2 я 
Е Е 
С) 


400 
ELONGATION — percent 
mas Unplasticized 
= — 15 parts S-261 
30 parts 5-261 


PLASTICIZER LEVEL— pbw 
ome Strength at break 





Data Courtesy of Morton Thiokol, Inc. 


Table G. Polysulfide Elongation at Break as a Function 
Formulation (parts by weight-pbw) 


of Plasticizer Level’ 

Part A 
5 LP-32 Polymer 100 
5 Ultrafine precipitated CaCO, 50 
Е Stearic Acid 0.5 
4 Sulfur 0.1 
T Santicizer® 261 0-30 
< Рап В 
Е MnO> 7.5 
9 Santicizer 278 7.5 
5 PLASTICIZER LEVEL~ pbw 
ш 


Elongation at break 





'Piasticizer Effect on Calcium Carbonate Filled 
Polysurfide Composition. (Cast sheets cured 7 
days at 70-72"F and 44-4896 Relative Humidity.) 


Table H. Polyurethane Viscosity as a Function of Plasticizer Level 


Potyureihane Model 
| System $ 
| TDMDI Prepolymer 140 
Filler 200 
| Stabilizer and 
Thixotrope 15 
as 


Flasticizer indicated 


VISCOSITY - centipoise 


rpm — Brookfield HAT, #7 spindle 


i 1 7% 5.264“ 
— — 22% §-261* 
279; 5-264“ 





*Plasticizer as 96 of total system. 
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Table 15.67: (continued) 


SANTICIZER 278 


Table A. Properties 
. Molecular Weight 
* Acidity 
(meq/100 gm. max) 
* Appearance 
* Color (APHA) [max.] 
* Moisture (KF in 
Methanol) 96 max. 
Odor 


* Refractive Index (@25°С) 


e Specific Gravity 
(25°/25°C) 
Density (@ 25°C) 
са. Ibs./gal. 
Boiling Point 
@ 10mm Hg, °C 
Vapor Pressure (mm Hg) 
@ 200°C 
@ 250°C 


455 
0.37 


Clear, oily liquid 
175 
0.15 


Slight, characteristic 
1.516 — 1.520 
1.093 — 1.100 





Viscosity (Centistokes) 

@ 0° 

@ 25°C 

@ 98.9°C 
Surface Tension 

@ 25°C (dynes/crn) 
Thermal Expansion 
Coefficient 

@ 10°~ 40°C 

(cc/cc/^C) 
Flash Point (C.O.C.) РЕ. 
Fire Point (C.O.C.) РЕ. 
Solubility In Water 

@ 25°C, % 
CAS Number 





Table B. Santicizer® 278— Performance in PVC (40 Mil Sheet) 


43PHR | 67PHR | 100 PHR 


Volatility (% Lost) (Activated Carbon 24 hours at 87°C) 


Low-temperature Flex, Tt °C 


Water immersion (24 hours at 50°C) 
96 soluble matter lost 
96 water absorbed 


Kerosene extraction (24 hours at 23?C) 
(?6 plasticizer lost) 


Shore "A" Hardness, 10 second reading 


Migration, Linde Silica: 


1 day 
3 days 
7 days 


Tensile, p.S.i. 
Elongation, 96 


Modulus @ 100% Elongation 


Heat Stability 


Migration Resistance to Nitrocellulose 


Fluxing Rate 


0.01 
0.28 


0.0 
0.04 
0.05 
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ca. 10,000 
860 
11.5 


440 
535 | 
Practically insoluble 


16883-83-3 


0.02 0.04 
0.33 0.36 


0.0 0.0 
0.08 
0.14 0.5 





Table C. Santicizer® 278— Performance in Plastiso! Formulation 
Viscosity, poises Brookfield HAT Spindle 


10 psi | ` 3400 
Severs 50 psi 3900 


Initial 

7 Days 
28 Days 
Initial 

7 Days 
28 Days 
Initial 

7 Days 
28 Days 


100 psi 


Yield value, dynes/cm? 


Flow Index 


Gel Temperature, *C 
Fusion, Relative Temperature, *C 





1370 
1420 
1400 


380 
560 
640 


160 
600 
900 


1900 
0 
2.8 

79 
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Table 15.67: (continued) 


Table D. Use of Santicizer* 278 to Replace Polymeric Plasticizers 


Santicizer® 278 High M.W..Polyester 






Shore "A" Hardness, 10 second readinc 84 77 
Volatility, 96 Plasticizer Lost | 
6 days @ 87°C in carbon 3.9 2.0 







Tf. °C -1 
Extraction, 96 Plasticizer Lost 
5% Caustic, 96 hours @ 23°C 
1% могу Ѕоар, 96 hours @ 50°C 
Hexane, 4 hours @ 23°C 
Hexane, 24 hours @ 23°C 


Humidity Compatibility 10096 R.H. 


-18 















о-оо 


ооо ~ 
ооо 
Уо № о 









Days to exude @ 60°C Pass" 70 
Days to exude @ 80°C Pass* 18 
Water Sensitivity, 24 hours @ 50°C 
% Soluble Matter Lost 0.05 0.08 
% Absorption 0.69 1.28 
Viscosity, stokes (@ 23°С 
Gardner Bubble 7 47 






Fusion, via Fisher-Johns 
Clear Point, °C 












Formuiation ‘Test terminated at 126 days (18 weeks) with no exudation. 
РМС 100 
Plasticizer 67 
Mark WS 1 
Table E. Adhesive Migration Resistance Table G. Plasticizer Effect оп Polysulfide Polymer 
1 
Peel Strength Failure Strength 
Ње.Ла." Моде 
Santicizer® 278 6.2 Cohesive 
High M.W. Polyester 5.9 Cohesive 5 
Solution Type PSA i 
Santicizer 278 5.0 Cohesive e 
High M.W. Polyester 4.2 Cohesive E 
Formulation '24 Hours (t Room Temperature 
PVC 100 
Plasticizer 25 
Processing Aid 5 
Stabilizer 3 
TO; 10 
ELONGATION — percent 
uc uL c ш ИЕ ЗИ ЗИ ЗЕЕ ЗИ Unplasticized 
Table F. Performance of Santicizer® 278 In Moisture — — 15 parts 8-261 
Cured Urethane Sealants‘ 





Piasticizer Concentration 














Formulation (parts by weight - pbw) 'Plasticizer Effect on Calcium Carbonate Fitted 
17% 22% 27% Part A Ројузићаје Composition. (Cast sheets cured 7 

Modulus, psi Lpa2Poymer SSA 70-72°/F and are Relative Humidity.) 

200% 135 130 125 Ultrafine precipitated CaCO, 50 Data courtesy of Morton Thiokol Inc. 

400% 200 190 190 Stearic acid 0.5 

Suifu 0.1 

% Elongation 540 490 490 саев 0-30 
Tensile Strength, psi 240 205 210 Рап В 
Shore A Hardness @ 5 sec. 29 29 30 СО анна 2 





‘Cured 2 Weeks at 25*C/5096 Relative Humidity 
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Table 15.68: Butyl Benzyl Phthalate (75) 
SANTICIZER 160 


Table A. Properties 
e Acidity 0.37 
(meq/100 gm. max) 
* Appearance Clear, oily liquid 
* Color (APHA) [max.] 
e Moisture (KF in 0.15 
Methanol) %, max. 
» Odor Slight, characteristic 
* Refractive Index (@25°C) 1.535 — 1.540 
* Specific Gravity 1.115 — 1.123 








~ 
ТИ 




















(25°/25°C) 
Density (@ 25°C) 9.3 

ca. Ibs./gal. 
Crystallizing Point (°С) <--35 
Pour Point (°C) —45 
Boiling Point 240 





@ 10mm Hg, °C 
Vapor Pressure (mm Hg) 
@ 150°C 0.16 
@ 200°C 
@ 250°C 
Viscosity (Centistokes) 
@ 0°С 230 
@ 25°C 
@ 98.9°C 
Surface Tension 39.9 

(a' 25°C (dynes/cm) 
Thermal Expansion 
Coefficient 0.00069 
@ 10°—40°C 
(cc/cc/°C) 
Flash Point (C.O.C.) [*F.] 390 



































Fire Point (C.O.C.) [^F] 450 
Solubility In Water 0.0003 
@ 25°C,% 






CAS Number 85-68-7 


* Specification 





Table B. Performance of Santicizer^ 160 in PVC (40 Mil Sheet) 


(30%) 40%) n: 
43 PHR d7 PHR 


Volatility (% Lost) (Activated Carbon; 24 hours at 87°C) 
Low-Temperature Flex, Tf °C = за 


Water immersion (24 hours а! 23°C) 
% soluble matter lost 0.06 0.07 0.08 
% water absorbed 0.35 0.30 0.43 
Kerosene extraction (24 hours at 23°C) 1.0 3.4 8.2 
(% plasticizer lost) 


Shore '‘A’’ Hardness, 10 second reading | 86 | 68 | 52 


Migration, Linde Silica: 
































1 day 0.2 1.2 4.0 
3 days 0.4 25 7.8 
7 days 0.7 4.1 11.4 


Tensile, p.s.i., ASTM D-412 2270 
Elongation, %, ASTM D-412 | 350 | 450 | 460 | 
Modulus @ 100% Elongation, ASTM D-412 | 1960 __| 1000 | 510 | 
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Table 15.68: (continued) 


Table C. Effect of Additive Use of Santicizer’ 160 with 


GPP Based Plastisols on Gel and Fusion Properties 


Plasticizer . . 
BaCdZn .... 


O 
ul 
С 
3 
< 
С 
Ш 
а 
= 
Md 
ke 
—1 
ul 
о 


FUSION TEMPERATURE, C 


% SANTICIZER 160 


Gel ----.- Fusion 
Temperature Temperature 


PVAc ADHESIVE APPLICATION DATA 


Table E. Performance of Plasticizers in Acrylic 
Automotive Lacquers 


2096 Plasticizer Concentration 


Humidity' 
Plasticizer — 


Santicizer* 160 


Dipropylene Glycol Dibenzoate се 


ОВР 


‘Visual Rating 1-10; 1 = best; 10 = worst 
2% Prasticizer lost «« 170"F 3 mil coating 










Table F. Effect of Plasticizers on Water Resistance of 


Airfiex 320 Emulsion 
3.4 


3.2 
3.0 
2.8 
2.6 
2.4 
2.2 
2.0 





CLOTH-TO-CLOTH BOND STRENGTH - PSI 


O 1} 2 092 5 6 й 8 НН 
PLASTICIZER — parts/100 parts emulsion 


=== Santicizer® 160 Тес procedure: A tightly woven cotton cloth 
— — DPGDB* is laminated with the test adhesive and 
allowed to dry thoroughly. The lamination is 
cut into one inch wide strips, immersed in 
room temperature water for one hour and 
then delaminated in an Instron. 


Data Courtesy Air Products and Chemicals Inc. 





Sward 
Hardness 





Table D. Effect of Benzyl Phthalates on Fusion 
BANBURY SIZE ''B'' 116 rpm —240?F. JACKET TEMP. 






10 20 
% BENZYL PHTHALATE USED WITH GPP 


Santicizer 160 е...“ Santicizer 261 















Q - вм 

ә зро F B 

e < СЕ 

Е сащ == 

© -28 M 

7 _ ен = 
ДО Б КН ре 





в $4 5 8 10 19 14 16.18 20 22 24 26 30 
PLASTICIZER ~ parts/100 parts emulsion 

—— Santicizer" 160 
— — DPGDB* 






"Glass transition temperature was measured 
using a differential scanning calorimeter. 


Emulsion is Airflex 465 | 


Data Courtesy Air Products and Chemicals Ine. 


Table H. Plasticizer Effect on Emulsion и. 


PLASTICIZER — parts/100 parts emulsion 


-— Santicizer” 160 Emulsion is Airflex 320 


LL 
~ 
~ 
= 
а. 
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О 
N 
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- —- DBP 


Data Courtesy Aur Products and Chemicals tne 


"Dipropylene Glycol Dibenizoato 


Table 15.69: Dibutyl Phthalate (75) 


DBP 


Table A. Properties 















Acidity 0.12 — 
(meq/100 gm.) 

Moisture (KF in 015 
Methanol) % 

Specific Gravity 1.044 — 1.048 

(25°/25°C) 

Density (@ 25°C) 8.72 

ca. lbs./gal. 





Vapor Pressure (mm Hg 
@ 150°C | 
@ 200°C 14 

@ 250°C 100 
Viscosity (Centistokes) 
@ 0°С 55.0 
@ 25°С 

@ 98.9°С 









Boiling Point 192 
@ 10mm Hg, °C 
) 
0.8 





























Surface Tension 35 
@ 30°C (dynes/cm) 
Coefficient 
@ 10°—40°C 
(сс/сс/С) 
Flash Point (C.O.C.) [*F.] 340 
Fire Point (C.O.C.) PF. 395 
Solubility In Water 0.001 
а; ЗО?С,9о 
General Solubility Soluble in all common 
organic solvents and oils 
CAS Number 84-74-2 











Tabie B. Dibuty! Phthalate — Evaluation in Polyvinyi 
Acetate Adhesives 


Formulation: Gelva® S-55 90% resin 
Plasticizer 1096 


Room Temperature Viscosity, 
cps. (Brookfield LVT Оби Santicizer® 
#3 Spindle, 30 rom) Phthalate 160 


Initial 













1 Day 2080 
1 Week 2480 
2 Weeks 2520 
4 Weeks 4080 
Wet Tack (sec.) 15 
Open Time (mín.:sec.) 3:45 
Elongation, 96 385 
10096 Modulus, psi 300 






Tensile Strength, psi 
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Table 15.70: Di-2-Ethylhexyl Phthalate (Diocty! Phthalate) (75) 


DOP 


Table A. Properties 


Molecular Weight 391 
Acidity 0.12 
(meq/100 gm. max) 


Viscosity (Centistokes) 
а ОС 
@ 25°C 




















@ 98.9°C 
Color (APHA) 25 | Surface Tension 
Moisture (KF in 0.10 @ 25°C (dynes/cm) 
. Methanol) 96 Thermal Expansion 
Coefficient 
@10°—40°С 
Specific Gravity 0.980 – 0.985 (сс/сс/“О) 
(25°/25°C) Flash Point (C.O.C.) (°F. 
Density (@ 25°C) 8.18 Fire Point (C.O.C.) (°F. 
са. Ю5./аа!. Solubility in Water 








@ 25°C,% 
General Solubility 






Boiling Point 236 
@ 10mm Hg, °C 
Vapor Pressure (mm Hg) 
@ 200°C 
@ 250°C 











CAS Number 






Table B. Performance in PVC (40 MII Sheet) 











Volatility (96 Lost) (Activated Carbon) 
























|. 42 | 40 | 40 | 
Low-temperature Flex TEC |-7 |-9 |-5 — 


(30%) | (40%) | (60%) 
43PHR | 67PHR | 1 
1 


- 17 

Water immersion (24 hours): 

% soluble matter lost 0.0 0.03 0.04 

% water absorbed 0.22 0.25 0.27 
Kerosene extraction 

(% plasticizer lost) 8.3 >70 
Shore "A" Hardness 
Tensile, p.s.i. | 2910 | 2230 | 1390. 
Elongation, % __360 __| 460 | 480 | 
Modulus @ 100% Elongation, psi | 1950 | 90 | 500 — 
Flammability, Limiting 0 Index * | 231 | 218 | 203 | 


Miscible with most 
common solvents and 
with most primary and 


oe plasticizers 
ка: 


inyl chloride 













"The Oxygen index Test results are not intended to reflect performance of these or any other materials under actual fire conditions. Each user should 
determine independently whether potential fire hazards are associated with the finished product, and whether DOP is suitable for the particular use. 


Tabie C. DOP Performance in Plastisol Formulation 
Viscosity, poises Brookfield HAT #6 Spindle 
80 RPM 





“Resilience, steel ball, inches 
"Efficiency Conc. Adj. to "60" Shore A hardness 














Initial 36 

7 Days 65 

28 Days 82 

Initiai 25 

7 Days 94 

28 Days 102 

Initial 28 

7 Days 210 

28 Days 260 

10psi 58 

Severs 50 psi 50 

100 psi 41 

Yield value, dynes/cm? 0 
Flow index 1.4 

Gel Temperature, °C 75 

Fusion, Reiative Temperature, °C 167 
*Air-Release Rate Moderate 









4.5 
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PHOSPHATES 
Table 15.71: t-Butylpheny! Diphenyl Phosphate (75) 


SANT ICIZER 154 












Table A. Propertios 
Molecular avg. 371 Viscosity (Centistokes) 
Phosphorus, % 8.4 (Calc) а ос 475 
* Acidity (meq/1009.) max. 0.20 @ 25°C 
* Appearance Clear, mobile liquid @ 100°C 
+ Color (APHA) (max. _100 Flash Point (COC, °F. 505 
* Moisture, 9 max. 0.15 Fire Point (COC Е. 590 
* Odor Essentially odorless Sol. in Water @ 25°C <0.001% 
Retractive Index (25°C 1.5535 — 1.5565 Coefficient of Thermal 0.000703 
Sp. Grav. 25°C/25°C 1.175 – 1.185 Expansion 
Density «r 25°C Ibs./gal. 9.8 @ 10-40°С (сс/со "С 
Crystallizing Point (°C) <--20 Surface Tension 
Pour Point (°C) 225 Dynes/om) 38.6 @ 23°C 
Boling Point 
«œ 10mm Hg, °C 258 NR 
Vapor Pressure 
«о 200°C 1.0 
(и 250°C 7.4 
(u 300°C 41 


Table B. Santicizer® 154 Comparative Performance in Plasticized, Flame-retarded Compounds 


Volatility Shore Hard- Water Kerosene Monsanto Rehometer 
mee СЮ 
Santicizer* 154 —10.5 3.1 | = бәк ан Мет T S 
Тисгезу! Santicizer® 154 5.5 610 995 345 


phosphate --142 13 у Isopropylated 


triphenyl 
Isopropylated 
аи phosphate | 570 875 330 


phosphate | - 14.6 2.9 ў Santicizer 148 490 815 385 


Вепа (70/30) 
Flame-retardant Properties 


of Santicizer 
154/148 —172 3.0 Piasticizer Vertical Burn Test (UL 94)* Oxygen Index* 
Santicizer® 154 











Isopropylated 







% Light 
Flame Spread Transmission Oxygen triphenyl 
Plasticizer (Monsanto Two-foot Tunnel Test}* — index phosphate 









Santicizer® 154 Santicizer 148 










Tricresyt Formulation PHR = “The Oxygen Index, UL 94, and the Two-foot 
hosphate 3.0 7 293 Paracril* OZO nitrile PVC polyblend 75 Tunnel Test results are not intended to reflect 
р р . " Ptiovic® M50 vinyl chloride resin 25 performance of these or any other materials 
Isopropylated Hydral® 710 alumina hydrate 100 under actual fire conditions. Each user should 
triphenyl Hard Dixie clay 25 determine independently whether potential fire 
БИ MagCarb’L 5 hazards are associated with the finished 
phosphate 3.0 10 29.3 Thermogard® antimony trioxide 4 product and whether Santicizer 154 is suitable 
Blend (70/30) of Dyphos? stabilizer 3 for the particular use. 
Stearic acid 3 
Santicizer 154/148 срео epoxidized linseed oil З (1) B. F. Goodrich Inc. (2) Argus Chemical 
Geon 102 vinyi resin 100 Thiofide® MBTS accelerator 15 ое 
Plasticizer (as indicated) 50 s (5) Goodyear Tire & Rubber Co. 
ци : Thiurad® TMTD accelerator 0.2 | : 
Drapex? 10.4 epoxidized linseed oil 3 Plastic; “коша НЕ (6) Auminum Company of America 
Mark? WS stabilizer 2 a сые (7) Merck & Co., inc. (8) M & T Chemicals Inc. 
(9) NL Industries Inc. (10) Stauffer Chemical Co. 


Atomite? calcium carbonate filler 30 
Table C. Autoignition Temperature 


ты Tay | 


Santicizer® 154 


Butylated 
triphenyl 





phosphate 


Isopropylated 
triphenyl 
phosphate 


Hydrocarbon (typical) 
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Table 15.72: 2-Ethylhexyl Diphenyl Phosphate (75) 


SANTICIZER 141 


Table A, Properties 


Molecular Weight 362 
Phosphorus, 96 8.6 (Calc) 






* Acidity 0.20 

meq/100 gm. max) 
* Color (APHA) [max. 40 | 
* Moisture (KF in 0.10 


Methanol) %, max. 


¢ Odor Essentially odorless 





* Refractive index (@25°C) 1.508 -- 1.511 
* Specific Gravity 1.0880 — 1.093 
(25°/25°С 
Density (@ 25°C) 9.1 
ca. Ibs./gal. 
Pour Point (°C) — 54 
Boiling Point 239 (decomposes) 
@ 10mm Hg, °C 














Vapor Pressure 
@ 150°C 0.2 
@ 200°C 1.6 





Viscosity (Centistokes) 
а ОС 
@ 25°C 
@ 98.9°C 
Surface Tension 
@ 22°C (dynes/cm) ` 


Flash Point (С.О.С.) ЃЕ. 435 
Fire Point (C.O.C.) [?F. 460 


Solubility In Water 0.002 


@ 25°C, % 


CAS Number 1241-94-7 


* Specification 


Table B. Flow index and Fusion Points of 
Various Plasticizers 


127 167 


DP 
DOP 1.4 


7-9-11 Phthalate 128 172 1. 


2 
DOA 139 175 0.6 
1.0 


Santicizer 97 143 177 





*Ratio ol Severs visc. (BO psi) to Brookfield visc. (BO RPM). 


Table C. Plastisol Viscosity Stability (Formulated With 100 PHR Geon? 121) 
Brookfield Viscosity — Poises 
PHR RPM Initial 1Day 


Plasticizer Temp., ^C 


Santicizer? 141 


DOP and Santicizer 141 


DOP and Santicizer 141 


Severs Viscosity Data 
Santicizer 141 DOP and Santicizer 141 
(65 PHR) (60/5 РИН) 


DOP and Santicizer 141 
(80/18 PHR) 


10 psi 
50 psi 
100 psi 





(continued) 
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Table 15.72: (continued) 


Table D. Effect of Plasticizers and Thickness on Weatherability of PVC Film 









10 mil 


50 
45 
40 10 
45 15 


Plasticizer Concentration PHR 
5 
сл 


400 800 1200 1600 n 2000 | 2400 2800 


Santicizer* 141 
























d | CLEAR Ж OPAQUE 
а. | 
u і 
d: | 
= поа 
ша | 
Qo к 
<a. | 
« x | 
= ш | 
Na | 
“ag | 
ш с | 
“6 | 
= | 
ш. e L. ; F 
| і . FORMULATIONS |. | | 
Formula plus 1 PHR with 5 PHR with 5 PHR plus plus 5 PHR TiO; — plus 5 PHR TiO; 
Shown U.V. Stabilizer Santicizer 141 Santicizer 141 5 PHR 1 PHR U.V. with 5 PHR 
Below 45 PHR DOP 45 PHR DOP ТО. Stabilizer Santicizer 141 
1 PHR 45 PHR DOP 
U.V. Stabilizer 1 PHR U.V. Stabilizer 
e 
PVC 100 
DOP 50 
Epoxidized soya oii 3 
Liquid Ba/Cd 2 
Liquid Zn 0.25 
Stearic Acid 0.5 
U.V. Stabilizer: 2-Hydroxy-4-Methoxy 


Вепгорпепопе 
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Table 15.72: (continued) 


Table F. Santicizer® 141 — Performance in PVC (40 Mil Sheet) 


(30%) (40%) (50%) 

43 РНА | 67 РНЯ | 100 PHR 
Volatility (% Plasticizer Lost) (Activated Carbon 24 hours at 87°C) НІ 74 | ва 
ом (егпрега иге Нех, ТРС (Сјазћ-Вега Мет од) | -17 | —з9 _ | —58 | 


Water immersion (24 hours at 50°C) 
% soluble matter lost 
% water absorbed 


Kerosene extraction (24 hours at 23°C) 3.0 7.3 реа 
(% plasticizer lost) 
Shore “А Hardness, 10 second reading | 84 | 68 | 5 _ 


Migration, Linde Silica: | xl 2 = | 

1 day 0.3 1.5 4.2 

3 days 

7 days | 21 | 90 | 224 | 
Tensile, р.51 | 2930 — | 2210 — | 1310 | 
Modulus @ 100% Elongation | 1810 | 820 | 450 
Flammability (Limiting Oz index)" 24.9 
Heat Stability Fair 
Migration Resistance to Nitrocellulose Poor 
Fluxing Rate Excellent 


*The Oxygen index Test results are not intended to reflect performance of these or any other materials under actual fire conditions. Each user 
should determine independently whether potential fire hazards are associated with the finished product and whether Santicizer 141 is suitable for 
the particular use. 











































Tabie QG. Santicizer? 141 —Performance in Plastisoi Formulation 
Viscosity, poises Brookfield HAT #6 Spindle 50 PRM 

Initial 

7 Days 

28 Days 

Initial 

7 Days 

28 Days 


Initial 
7 Days 


Severs 50 psi 
100 psi 


Yield value, dynes/cm? 12 
Flow Index 2.4 
Gel Temperature, °C 64 
Fusion, Relative Temperature, °C 151 
"Air-release Rate Moderate 
*Resilience, steel ball, inches 5.8 
"Efficiency Conc. Adj. to ''60" Shore A Hardness 





Table 15.73: Isodecyl Diphenyl Phosphate (75) 


SANTICIZER 148 


Table A. Properties 
Molecular Weight 390 














Phosphorus, % 7.9 (Сас) 
* Acidity 0.20 
(meq/100 gm. max) 





Clear, oily liquid 
100 
0.10 


* Appearance 

* Color (APHA) [max.] 

* Moisture (KF in 
Methanol) 96, max. 

* Odor 







Essentially odorless 
















* Refractive Index (@25°C) 1.504 — 1.510 
* Specific Gravity 1.069 — 1.079 
(25°/25°C) 
Density (@ 25°C) 8.94 
ca. Ibs./gal. 
Crystallizing Point (°C) <—35 _ 
Pour Point (°C) <--50 
Boiling Point 245 (decomposes) 





@ 10mm Hg, °C 





Table B. Effect of Type of Filler 


(2596 Phosphate Ester as Shown Blended With 711 Phthalate 


Monsanto Two-foot Tunnel* Test 
Inches of Flame Spread 


4 РНА 55,0; 





30 PHR Atomite 


Control 

(No phosphate ester) 

Triarylphosphate** 

Santicizer® 148 

30 PHR Hydrai*** 710 
Triarylphosphate"* 

Santicizer 148 

30 PHR Atomite/Magcarb**** L(2/1) 
Triaryiphosphate"* 6.6 
Santicizer 148 4.7 


^ 
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Vapor Pressure (mm Hg) 
@ 150°C 
@ 200°C 
Viscosity (Centistokes) 
а ОС 
@ 25°C 
@ 98.9°C 
Flash Point (C.O.C.) РЕ 


: : 4 
Fire Point (C.O.C.) [*F. 500 


Thermal Expansion 
Coefficient 


(Q 10? —40*C 
(cc/cc/^C) 
Solubility In Water 
(Q 25?C,96 
CAS Number 
* Specification 


3.0 
65 


«0.0008 
29761-21-5 





Oxygen Index 
% O, to Sustain Burning 


Мо 55,05 4 РНА 3503 


*For a description of the Two-foot Tunnel and its operation, see ‘‘The Use of a Small Flame Tunnel For Evaluating Fire Hazard” by H.L. Уалдегвай, 


Journal of Paint Technology, Vol. 39, No. 11, August 1967. 


**lsopropylated triphenyiphosphate. 
***Tradernark of Aluminum Company of America. 


***"Trademark of Merck & Co. Inc. For details see Monsanto U.S. Pat. 3,869,420. 


Table C. Vertical Burn Performance of Antimony Trioxide Vs. All Phosphate 


Ester (BO PHR) Plasticizer 





711 Phthalate + 4PHR Sb203 


Triarylphosphate"* 
Santicizer* 148 


*Isopropytated triphenyiphosphate. 


Federal Specification CCC-T-191 b, Method 5903 
Char Length (in.) 





After-flame (sec.) 
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Table 15.73: (continued) 


Table D. Comparison of Smoke Generation (BO PHR Plasticizer; 
Atomite Filler) Monsanto Two-foot Tunnel Results 


% Light Transmission 
at Maximum Smoke Density* 


(a) 711 Phthalate (control) 

(b) 50 PHR Phosphate Ester 
Triarylphosphate"* 
Santicizer* 148 


(c) 2596 Phosphate Ester blend with 
711 Phthalate 
Triarylphosphate** 
Santicizer 148 


*Monsanto Two-foot Tunnel (as used for plastic) equipped with smoke box. 
"*Isopropylated triphenylphosphate. 





Table E. Comparison of Smoke Generation (BO PHR Plasticizer; 
Atomite Filler) NBS Smoke Chamber* 


Specific Optical Density 
at Maximum Smoke Density in Chamber 


Smoldering 


(a) 711 Phthalate (control) 
(50 PHR) 

(b) 50 PHR Phosphate Ester 
Triarylphosphate"* 
Santicizer® 148 

(c) 2596 Phosphate Ester Blend 
with 711 Phthalate 
Triarylphosphate** 
Santicizer 148 

*See N.B.S. Technical Note 708: ASTM E-662 
**Isopropylated triphenylphosphate. 


Table F. Santicizer® 148— Performance in PVC Fire Retardant Plastisol Formulation 
Brookfield HAT #6 Spindie 50 rom 


Viscosity Poises 
@ 23°C 








Initial 
1 Day 
7 Days 





Table С. Santicizer® 148—Performance іп PVC (40 МИ Shee 


9 
(30%) (40%) (50%) 
43PHR | 67PHR | 100PHR 
Volatility (% Plasticizer Lost) (Activated Carbon 24 hours at 87°C) 
Low-temperature Flex, Tt°C (Clash-Berg Method) | -13 | -34 | -5 | 


Water Immersion (24 hours at 50°C) 
Soluble Matter Lost, % 0.05 0.06 0.16 
Water Absorbed % 0.33 0.41 0.53 


Kerosene Extraction (% Plasticizer Lost 24 hours at 23°C) 
Shore ‘‘A”’ Hardness, 10 second reading 



















Tensile, p.s.i. 


[UtimateEongaion?o — | 370 | 4&0 | 50 | 
| Modulus@100%Elongation 179 | 980 à | 49 _ 
Excelent | Excellent 


*For formulation, see Section lil, Performance in PVC. 


“Тһе Oxygen Index Test results are not intended to reflect performance of these or any other materials under actual fire conditions. Each user 
should determine independently whether potential fire hazards are associated with the finished product and whether Santicizer 148 is suitable for 
the particular use. 









Table 15.74: Emulsifiable Triaryl Phosphate (76) 


Reofos 1884 
Emulsifiable triaryl phosphate 


Introduction 


Reofos 1884 is a water-dispersible phosphate ester 
product which combines the excellent flame 
retardance of triaryl phosphates with convenient 
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Reofos 1884 is based on FMC's Reofos 65, а 1пагу! 
phosphate flame retardant which has found wide 
acceptance in vinyl, rubber, and other polymer 
systems. Reofos 1884 contains no water because it 
is a homogeneous mixture of Reofos 65 and a 


dispersibility in aqueous systems. nonionic emulsifying agent. 
Typical properties 
Acid number 0.26 mg KOH/g 
Color (APHA) 150-200 
Specitic gravity (209/20? C) 1.145-1.161 
Weight loss, % (neat) 105“ С 155? С 
2 hours 0.224 0.40 
4 hours 0.235 0.77 
24 hours 0.466 3.82 





Table 15.75: Proprietary Triaryl Phosphate Ester (75) 


SANTICIZER 143 


Table A. Properties 
Phosphorus, 96 
* Acidity 
(meq/100g) max. 
* Appearance 
* Color (APHA) [max.] 
* Moisture 96 max. 
* Refractive Index (@25°C) 
e Specific Gravity 
(25725) 
Density lbs./gal. 
Viscosity (Centistokes) 
а ОС 
@ 25°C 
@ 100°C 
Coefficient of Thermal Exp. 
@10-40°C (сс/сс/^°С) 
Flash Point (C.O.C.) [*F.] 
Fire Point (C.O.C.) [*F.] 
Sol. In Water @ 25°C,% | 
CAS Number 





* Specification 


8.2 (Calc) 
0.20 


Clear, oily liquid 
100 

0.1596 

1.539— 1.545 
1.144— 1.158 


9.58 


0.00070 


475 
525 
« 0.001 


56803-37 -3 
29761-21-5 
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Table 15.75: (continued) 


Tabie B. Comparative Performan 
in Clear Polyvinyi Chloride Flim* 






Hardness (Shore A) 
Brittle Temp. (*C) 
Low-temp. Flex. (°C) 
Volatility (% Plast. Lost) 
Oil Extraction (% Lost) 
Tensile Strength (PSI) 
96 Elongation at Break 
10096 Modulus (PSI) 


Flame Spread (in.) 
% Light 
Transmittance 


(ССТ 1918, 5903) 
After-flame (sec.) 
Char Length (in.) 


Dm Flaming Mode 
Dm Smoldering 


Geon' 102 ЕР 100 Pants 

Plasticizer as given 

Drapex? 10.4 3Parts particular use. 
Mark? WS 2 Parts 

"ВЕ Соойпей Inc. 

“Argus Chemical Corp. 

ЗЕМС Согр. 


Table 15.76: Tributoxyethyl Phosphate (76) 


KP-140* 


KP-140 is tributyoxyethyl phosphate. 
Its CAS number is 78-51-3. 


The formula of KP-140 is 
(С,Н,ОС,Н 40), РО 


ыы анын аа ыш, 
under actual fire conditions. Each user should determine independently whether potential fre 
hazards are associated with the finished producis and whether Santicizer 143 is surtable for the 


ce Data of Santicizer® 143 





Specifications 
Specific gravity at 20°C 1.016-1.023 (АЗТМ 0263-69) 
Moisture 0.2% w/w max (ASTM 0364-64) 


Colour (Pt-Co: APHA) 


75 тах (АЅТМ 01209-69) 





Typical properties 


The properties shown in the following tables are typical and do not represent 


specification limits 


Property 


Odour | 
Total acid number 
Boiling range at 4 mm Hg (533 Pa), 
Mid-boiling point at 4 mm Hg (533 Pa) 
Freezing point 
Pour point 
Flash point (PMCC) 
Fire point 
Viscosity at 20°C 
Vapour pressure 

at 150°C 

at 200°C 
Surface tension at 20°C 
Refractive index N25 
Specific heat at 50 to 150 
Solubility 

in water at 25°C 

in water at 25°C 

in mineral oil at 25°C 

in gasoline at 25°C 
General solubility 


Thermal expansion at 10-40°C, 
Density at 20°C 


KP-140 


mild, butyl type 

<0.5 mgKOH/g 

215 to 228°C 

222°C 

<~70°C (viscous liquid) 
<-70°C 

224°C (435°F) 

252°C (485°F) 

12.2 cp (mPa.s) 


<0.10 mm Hg (13.3 Pa) 
1.6 mm Hg (213 Pa) 

30 dynes/cm (mN/m) 
1.434 + 0.002 

0.58 average 


0.11% by weight 

approx. 7.3% by volume 

approx. 7.0% by volume 

complete 

insoluble or limited solubility in 
glycerine, glycols, and certain amines. 
Soluble in most other organic liquids. 
0.00081 per °C 

1018 kg/m? (8.50 Ib/US gallon) 
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Table 15.77: Tributyl Phosphate (76) 


Reomol TBP 


ee ата 


Formula (C,H,O), PO MW (mol) 266 
Specifications | 
Specific gravity @ 20°/20°C 0.977-0.983 (ASTM D268-62/3) 
Moisture, % by weight 0.20 max (ASTM D1364-62) 
Color Pt-Co (APHA) 50 max (ASTM D1209-62) 
SE ee ee 
Typical properties 
Odor normal characteristic 
Acidity, % as acetic acid 0.05 (ASTM D1613-61T) 
Boiling range @ 4 mm Hg (533 Pa), °C 137-145 
Mid-boiling range @ 4 mm Hg (533 Pa), °C 139 
Freezing point, °C «-80 
Pour point, °C <-80 
Flash point, °C (°F), PMCC 115 (239) 
Fire point, °C (°F) 182 (360) 
Viscosity, cp (mPas) @ 20°C 3.7 
Vapor pressure @ 150° C, mm Hg (kPa) 7.3 (0.97) 
@ 200° C, mm Hg (kPa) >500 (66.6) 

Surface tension @ 20° C, dyne/cm (т N/m) 29 
Retractive index, №2 1.423 + 0.001 
Solubility, in water @ 25°C 0.1% 

water in @ 25°C 7.0% 

in mineral oil @ 25°C complete 

in gasoline @ 25°C complete 
General solubility Insoluble or limited solubility in glycerine, glycols, and 

certain amines. Soluble in most other organic liquids. 

Thermal expansion @ 10 to 40°C 0.00086 per °C 
Lb/U.S. gal (kg/m?) @ 20°C 8.14 (975) 


Table 15.78: Triphenyl Phosphate (75) 


Table A. Properties 























Molecular Weight 326 
* Acidity 0.10 
(meq/100 gm. max) 
* Appearance White flakes 


* Color (АРНА) (тах.) 20 (molten) 








Refractive index (@ 60°C) 1.550 

Specific Gravity 1.268 
(60°/20°C) 

Density (@ 60°C) 10.5 
ca. Ю5./аа!. 

Boiling Point 238 





(v 10mm Hg, °C 
Vapor Pressure (mm Hg) 
@ 150°C >0.1 
@ 200°C 
(а 250°C 
Viscosity (Centistokes) 
@ 55°C 7.8 
@ 98.9°C 


Fiash Point (C.O.C.) [°F.] 437 


Solubility In Water 












@ 34°C,% 0.002 
CAS Number 115-86-6 





* Specification (co nti nued) 
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Table 15.78: (continued) 





Tabie B. Compatibility of Tripheny! Phosphate With Various Resins 








Polyvinyl chloride 

Polyvinyl acetate 
Nitrocellulose 

Cellulose acetate 
Cellulose acetate-propionate 
Cellulose acetate-butyrate 
Ethyl cellulose 

Acrylics 

Santolite® MHP resin 
Neoprene 

Nitrile rubber 

Phenolic 


Tabie C. Tripheny! Phosphate Performance in Cellulosic Resins 


ЗИ € 
і 


Solution Temperature °C. 





Flexibility 
Schopper Fold Cycles 


Flexural Strength, p.s.i 
Moisture Permeability, % ee | 
% Water Absorbed in 24 hrs. 1.17 
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PHOSPHITES 


Table 15.79: Dialkyl Hydrogen Phosphites (64) 


PHYSICAL PROPERTIES 


Dimethyl Diethyl Dibutyl Bis(2-ethylhexyl) 
Hydrogen Hydrogen Hydrogen Hydrogen 
Property Phosphite Phosphite Phosphite Phosphite 
Formula (СНО) Р(ОЈН (C2H5O); P(O)H (С.НзО).Р(О)Н (CgH;70)2P(O)H 
Molecular Weight 110.1 138.1 194.2 306.4 
Appearance colorless colorless colorless colorless 
liquid liquid liquid liquid 
Odor mild, mild, mild, mild, suggestive 
characteristic pleasant pleasant of octyl alcohol 


Boiling Point 


Specific Gravity 


72-3°C/25 mm 


65-66°C/6 mm 


118-9°С/7 тт 


163-4"С/3 тт 


20° /4° 1.200 1.079 0. 995 0.937 
Index of Refraction, 
np 1.4016 1.4073 1.4238 1.4423 
Flash Point, Cleveland, 
open cup 205“ Е 195" Е 250“ Е 330“ Е 
Fire Point, Cleveland, 
open cup 220°F 220°F 300“ Е 400 Е 
Viscosity 
(Centistokes) 77°F 1.08 1,21 2. 36 6.54 
100°Е 0.92 1.03 1.90 4.72 
210“ Е 0.51 0.56 0.89 1.59 
Toxicity (single dose 
oral 1.050, rats), 
mg/kg 3,050 1,000 3,900 11, 900 
Acidity neutral neutral neutral neutral 
Solubility 
in water: sol., sol., 51. 801., insol., very 
hydrolyzes hydrolyzes slowly slowly hydrolyzes 
hydrolyzes 


in other solvents: 


miscible with alcohol, ether, acetone and most common organic 


solvents. 


Table 15.80: Trialkyl Phosphites (64) 


PHYSICAL PROPERTIES 


Property 
Formula 
Molecular Weight 
Appearance 


Odor 


Boiling Point 


Specific Gravity 
20° /4° 
Index of Refraction, 
20 
np 
Flash Point, Cleveland, 


open cup 


Fire Point, Cleveland, 
open cup 


Viscosity 

(Centistokes) 77°F 
100°F 
210°F 


Toxicity (single dose 
oral Ор, rats), 


mg/kg 


Solubility 
in water: 


In other solvents: 


Тгипе ћу] 
Phosphite 


(CH 30) ,P 
124. 08 
colorless liquid 


penetrating 


111-112*C 


1.046 


1.4076 


100°F 


100“ Е 


2,000 


insol. but 
reacts with 


miscible with alcohol, acetone, benzene, ether, heptane, carbon 


Triethyl 
Phosphite 


(С,Н;О)зР 
166.2 
colorless liquid 


sweet, 
characteristic 
65°C /24 mm 
0.969 

1.4131 


130°Е 


160°Е 


3,160 


sl. sol., 
hydrolyzes 


Tris(2-chloroethyl) 
Phosphite 


(C1C;H4,0)3P 
269.5 
colorless liquid 


mild, 
characteristic 
119" С/0.15 пат 
1.353 

1.4878 


375“ Е 


410“ Е 


250 


insol., slowly 
hydrolyzes 


tetrachloride, and most of the common organic solvents. 


Triisopropyl 
Phosphite 


(САН: ОЈ, Р 


208.2 
colorless liquid 


sweet, 
characteristic 
94-67 С/50 пит 
0.914 

1.4101 


165” Е 


195° F 


г, 300 


insol., slowly 
hydrolyzes 


Tributyl 
Phosphite 


(С.Н«О;Р 
250.3 
colorless liquid 


mild, not 
unpleasant 
118-25°C/7 mm 
0.925 

1.4327 


250“ Е 


275“ Е 


3,000 


insol., slowly 
hydrolyzes 


Triisooctyl 
Phosphite 


(CgH4,10)4,P 
418.6 
colorless liquid 


mild, not 
unpleasant 
161-4? C/0.3 mm 
0.891 

1.4498 


385*F 


410°F 


9, 200 


insol., very 
slowly hydrolyzes 


Tris(2-ethylhexyl) 
Phosphite 


(CgH4:0)3P 

418.6 

colorless liquid 
mild, not 
unpleasant 
163-4*C/0. 3 mm 


0.902 


1.4494 


365*F 


400°F 


тіп та ата ои ат 


insol., very slowly 
hydrolyzes 
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Table 15.81: Tertiary Phosphites (27) 


Oral Toxicity 


Phoephorus Melting Boiling Refractive | Specific Flash . й . 
Мате Formula Molecular | LD50 Microliters Color and Form Content Point Point Index Gravity Point Viscosity Centistokes Vapor 
Weight | per Ке of Rat Wt. Р “С «С n25:D 25.15*C | COC*F 68°F 100°F | 210*F Pressure 
'Trimethyl Phosphite (CH3O)3P 124 2000 Water-white liquid 24.97 <—78 1121 1.404 1.045 130 — 0.51 0.30 10 mm at 12°C 
| 100 mm at 55°C 
Triethy! Phosphite (C2HsO) 3P 166 3160 Water-white liquid 18.67 — 154 + 1 1.413 0.954 -- -- — -- -- 
Tri (2-ethylhexyl) Phosphite (СаНигО) зР 418 -- Straw-colored liquid 7.45 glass at — 1.451 0.897 340 8.5 5.03 — — 
low temp. 
'Tridecyl Phosphite (iso) (СиннО)зР 502 210000 Water-white liquid 6.17 < 0 180 1.454 0.886 455 11.24 2.90 — 
at 0.1 mm 
Trilaury! Phosphite (CisHss0) sP 586 > 3160 Water-white liquid 5.29 « 10 — 1.456 0.866 — — — — -- 
Trioctadecyl Phosphite (CuHs;O)5P 838 » 10000 White waxy solid 3.70 45-47 — -- 0.940" — -- -- -- — 
Trilauryl Trithiophosphite (СізНаз5 з Р 634 > 10000 Light straw-colored 4.89 20 -— 1.502 0.915 430 - 24.7 5.7 0.01 mm at 200°C 
iquid 
о 
Tnpheny! Phosphite ( Q ) г 310 Арргох. 2800 Water-white to pale 10.0 22-25 155-160 1.589 1.184 425 -- 8.34 2.07 — 
3 yellow liquid at 0.1 mm 
о XV Обо 
Diphenyldecyl Phosphite (iso) Ф 374 > 10000 Water-white liquid 8.28 18 -- 1.516 1.024 425 -- 7.82 2.26 -- 
2 
К . . -O-9 (OCioN21)2 . MEM 
Phenyldidecyl Phosphite (iso) 438 » 10000 Water-white liquid 7.07 <0 — 1.478 0.940 425 — 8.95 2.42 — 
“Pentite” — [tetra (diphenyl © KOCH зі 989 1500 White waxy solid 12.4 30-60 — — 1.240 — — — — — 
phosphito) pentaerythritol! } 4 “Ta 
“Dipentite” — {diphenyl 380 5000 White solid 16.3 70-80 190-200 -- -- -- -- — — -- 
pentaerythritol diphosphité] ага ” “оснас 7 Барт У at 0.1 mm 
Pheny!neopenty! Phosphite ено с жент Ko: E ) 226 1780 Water-white liquid 13.70 19 138-140 1.517 1.135 -- — — — — 
сна”  см-о at 10 mm 
1620 Polymeric Phosphite Bisphenol A-Pentaerythritol Av >3160 White solid 16.1+0.2 100-110 -- -- -- -- -- -- -- — 
Phosphite 1100 
* Density 


542754 


288 
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Table 15.82: Organophosphites (27) 


Industrial Solvents Handbook 


PHYSICAL DATA 


Triphenyl Diphenyldecy! Phenyldidecyl Tridecyl 
Phosphorus Content 1096 | 8.2896 7 .0796 6.1796 
Melting Point 22°-25°С. 18°С. < 0°C. < 0°C; 
Boiling Point at 0.1 mm. 1559-1609С. - - 180°C. 
Refractive Index, n25/D 1.589 1.5160 1.4785 1.4560 
Flash Point (Cleveland open cup) 425°F. 4259Р, 4259. 4559. 
Fire Point (Cleveland open cup) 470?Е. 455?Е. 470?Е. 485?Е. 
Specific Gravity, 25°/15.5°C. 1.184 1.023 0.940 0.89) 
Specific Gravity Correction Factor, 
рег 1°С. 0.00085 0.00077 0.00073 0.00066 
Pounds per Gallon at 25°C. 9.86 8.520 7.829 7.421 
Viscosity in Centistokes: 
at }00°F. 8.34 7.82 8.95 11.24 
at 210?F. 2.07 2.26 2.42 2.90 
SILICATES 
Table 15.83: Ethyl Silicate (2) 
Silicon Tetraethyl Ester Si(OC^ H9, 


Ortho-Silicic Acid Ethyl Ester 


Ethyl silicate is a water-white liquid, soluble in alcohol. It hydrolyzes in water to an adhesive form of silicic acid and 
alcohol. It is used in lacquers and paint as a pigment binder giving films that are resistant to fire and chemicals and are 
weatherproof. А less pure, higher silica ester, Ethyl Silicate 40, is also available commercially. 


Specifications— T etraethyl Silicate Specifications— Ethyl Silicate 


Acidity (as НС!) 0.05% by wt, max 
Available silica (as S104) 28.8% 


Acidity, maximum acidity (as HCl) 0.1% 
Available silica (as 810) 34-42% 


Boiling point 165.5°C Boiling point 165°C 
Boiling range at 760 mm Boiling range at 760 mm 

Below 160°C Not more than 5% Below 80°C None 

Below 170°C Not less than 95% Below 110°C Not more than 5% 
Color Water-white Color Light brown 
Purity 97%, min Odor initial Mild 
Specific gravity at 20/20°C 0.933 to 0.938 Specific gravity at 20/20°C 1.050 to 1.070 
Weight per gal at 20°C 7.78 lbs Weight per gal at 20°C 8.82 Iba 


PLASTICIZERS 


Table 15.84: Summary of Typical Properties of Plasticizers (75) 





Phthalates Adipates 


Dioctyl 


Molecular Weight 391 


Acidity** (meq./100 gm. max.) 0.12 


G2 


ін Santicizer* 160 

OIN 

z Dibuty!* 
Т Santicizer 97 


н o Santicizer 261 
> 
ІІ e Santicizer 278 


0.37 "0.37 


Арреагапсе Clear, * Clear, Clear, 
oily liquid oily liquid oily liquid 


25 


“0.37 


|Сјеаг, 
oily liquid 


4/75 1/5 


0,25 


Clear, 
oily liquid 


eClear, 
oily liquid 


* Clear, 
oily liquid 








Color (APHA) (max. 


| Color ( ) 


Moisture (КЕ іп 
Мешапо! 75 тах. 











0.10 "0.15 “0.15 


Slight, 
characteristic 


1.4845-1.4858 


«Sight. 
characteristic 


•1.535-1.540 


Slight, eSlight, Slight, 
characteristic Characteristic characteristic 


41.523-1.529 | *1.516-1.520 | 1.4895- 1.4915 









Refractive Index (at 25°C} 











M ШЇ г 









| *1523.1.529 | 
Specific Gravity (25*/25*C) | 0.980-0.985 •1.093-1.100 | 1.044-1.048 
stiff gel) 
a eh eae, ре | ЗСО 
Boiling Point @ 10 mm Hg. °C 236 243 224 
Vapor Pressure с кенеттен нт ты Пи 
[ avoc, era metroa amm | 15 | 23 р or | м рома | 28 | ле | 
Viscosity centistokes) восј зво | ао | зо | - | - — 
[ «o | ws | з р но | _ње | че је 
@ 20°C (дупеѕ/ст.) 
Stare ee = 
2 
сый З 2355-24 


ви БЕНЕН БЕСІНЕН БЕ: Ж 


(continued) 
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Table 15.84: (continued) 





Molecular Weight 
Acidity** (meq./100 gm. max.) 
Appearance 


Соіог (АРНА) (тах.) 


Moisture (KF in 
Methanol} % max. 


Odor 


Refractive index (at 25°C) 
Specific Gravity (25°/25°C) 


Density (at 25°C) ca. Ibs./gal. 
Crystallizing Point (^C)*** 


Pour Point (°C) 

Flash Point (C.0.C.) (°F) 

Fire Point (C.O.C.) (^F) 
Boiling Point @ 10 mm Hg. °С 


Vapor Pressure @ 150°C 


@ 200°C 


@ 250°C 


% VOC, EPA method 24**** 


Viscosity (centistokes) @ 0°С 


а 25“с 


@ 98.9°C 


Surface Tension 
@ 20°C (dynes/cm.) 


oe in Water 
@ 25°C (%) 


Hydroxyl # 





Santicizer 141 
Santicizer 148 
Santicizer 2148 








Phosphates Specialty 
Modifiers 


ож | 02 за | 6m | — — | seid" tnes/t65 an mac 


* Clear, «Clear, Clear, •Сјеаг, •Сјеаг, Clear, Appearance 
oily liquid oily liquid = liquid щи а = liquid oily liquid 
па. за Соот (АРНА) (тах) 
» . 4 : Moisture (KF in 
D *Essentially *Essentially *Essentially Faint, 
odorle odorless odorless odorless characteristic 
*1.506-1.510 | «1.501-1.507 | е1.494-1.502 | е1.539-1.545 |е1.5535-1.5565| ©1.560-1.575 | Refractive Index (at 25°C) 
*1.085-1.091 | *1.061-1.071 | *1.028-1.044 | *1.144-1.158 | *1.175-1.185 Specific Gravity (25*/25*C) 
pm 5°C) 


8.94 | 98 | Density (at 25°C) ca. ibs./gal. 


<-35 = Crystallizing Point (^C)*** 


сю Св rear aint 7 


Santicizer 143 
Santicizer 154 





o 
сл 


ШЕСІ | 

| -5 | 

[ «s 

Пе | 
239 а 245 са 


Vapor Pressure 


@ 200°C 


= Boiling Point @ 10 mm Hg. "6 





D 


% МОС, EPA method 24**** 


Viscosity (centistokes) а 0'с 


a 





и | = к 


33.4 па 38.6 (23°С) 40.1 Surface Tension 
@ 20°C (dynes/cm.) 
@ 25°C (%) 


a Specification. 
“Registered Trademark of Monsanto Co. 
This product is no longer manufactured by Monsanto. Data is included for reference only 
"То сопме from meq/100 gram, muttipty by 0.559 to obtain "acid no." (milligrams KOH per gram of sample). 
““Crystalizing point is NOT a valid predictor of low temperature performance in a polymer system. 
“Tested per ASTM-2369 as specified in EPA method 24. Tested WITH totuene solvent as specified in ASTM method Testing without toiuene reduces measured VOC 10-5096 below values repored here. 


36.4 


о 
о 


068 
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HPLC and UV Data 


GC-FID CHROMATOGRAMS 
Table 16.1: Methylene Chloride (56) 
These capillary GC-FID Chromatograms show the 


significant decrease in impurity content from raw 
material to finished product. 


Raw Material: Methylene Chloride 
500 — 5 concentration 





(continued) 
891 
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Table 16.1: (continued) 


Finished Product: HPLC Methylene Chloride 
#9315 
500 — 5 concentration 


в 
6 
© 
і 
8 
Е 
Е 
у 


ғ 





HPLC GRADIENT CHROMATOGRAMS 


Table 16.2: Water vs Methanol (56) 
Water Versus Methanol - 215nm 


Column: BAKERBOND" Silica Gel Pressure: (PS):  ^ 
5 um, 4.6 X 250 mm Start 880 
Mobile Phase: A = H2O | 


ЩЕ End: 440 
por петао | 0.128 au. 







Gradient: 596 B—10096 B, 35 min interim Maximum: 2100 
Flow Rate: 1 m/min 
Detection: UV @ 215 nm; 1.28 aufa 


и eS ле. ee Lee 22 ^ 


Time lminutesi 


o титана раф n rt gums. 7 а nt a, e rerom a 


o зет“ 


uem jm ice Rmo Ga am Roc MARI Rat RIA mee MACH FE 04. - зы ы самым. ie 


Water Versus Methanol - 254nm 
Column: BAKERBOND" Silica Gel Pressure: (PSI) 
5 jum, 4.6 X 250 mm Start 880 
Mobilie Phase: A = H20 


B = Methanol End: 440 е 
Gradient: 596 B —10096 B, 35 min Interim Maximum: 2100 е : 


Flow Rate: 1 mi/min 
Detection: UV @ 254 пт 1.28 ацѓа 


4 
- ж Fe ма RS GAP мб); 


Fla Asi AT at ay n мю». сө з --- 


0 10 20 зо 40 
Time |minutee! 


HPLC and UV Data 893 


Table 16.3: Water vs Acetonitrile (56) 


Water Versus Acetonitrile - 200пт 


дь и ыр И аа a em m. 


Гсомта: BAKERBOND" Silica Gel Pressure: (PSI): 


| 5 ит, 4.6 Х 250 mm а. 
Mobile Phase: A = НгО . | 

B — Acetonitrile End: 150 f ЕС — 
i Gradient: 5% B —»100% B,35 min terim Maximum: N/A 


Flow Rate: 1 m//min 


! Detection: UV G 200 nm; 1.28 auf.s 





г 
> ES Арт парите ccc Нв пу тот он то ee ж ита .. SE став МЛ ЧА Voy а Т7 В Ы оГ С РВС чч у о р раму ун арча ые. 6 
- 
0 10 20 30 4 


Time lmirutes! 





—M áÀ— 4 0$ з З 
а падавина Be er mco m S m 4 rH ен = Bo. RAW. eta ною sme d Dr rep ии - - 4 


| Water Versus Acetonitrile - 21 5пт 
| Column: BAKERBOND" Silica Gel — Pressure: (PSI) 


7A m dh vnam тонат + mme le 


5 um, 4.6 x 250 mm Start 880 
Mobile Phase: A = Н2О + 
B = Acetonitrile End: 150 0.128 au. 
Gradient: 5% 8 100% B, 35 тіп  !^terim Maximum: N/A | | | 
| Flow Rate: 1 ml/min 


Detection: UV @ 215 nm; 1.28 auf.s 





SS Ee SS See ee ore т а ы У el A a er фр 


О 10 20 30 40 
Time типщез! 








| Water Versus Acetonitrile - 254nm 
| Column: BAKERBOND” Silica Gel Pressure: (PSI): 


| 5 pm, 4.6 X 250 mm Start 880 
i Mobile Phase: A — HO : 
B = Acetonitrile End: 150 "Toon > 





Flow Rate: 1 ml/min 
Detection: UV @ 254 nm; 0.64 aufs 


De парна отаде За. ere naar чч} ЙА. 


О 10 20 30 40 
Time lminutes! 
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Table 16.4: Water vs 2-Propanol (56) 


quM 9 emo 


Water Veisus 2-Ргорапо! - 21 Бат. 


: Column: BAKERBOND" Silica Gel 
i 5 um, 4.6 X 250 mm 


| Mobilie Phase: A = H20 
' В = 2-Ргорапо! 


Gradient: 5% 8 —100% B, 35 min 
| Flow Rate: ! ml/min 


| Detection: UV @ 215 nm; 2.56 aufs 


` Pressure: (PSI): 

Start 1020 

End: 2350 

interim Meximum: 3520 


| | 0.256 a.u. 





20 
Time ( minutes] 


30 40 





Water Versus 2-Propanol - 254nm 


om: BAKERBOND" Silica Gel 
5 ym, 46 х 250 тт 


_ Mobile Phase: A= H20 
B = 2-Propanol 


' Gradient: 5% В 10096 B, 35 min 
_ Flow Rate: 1 ml/min 
Detection: 


UV Q 254 nm; 0.64 auf.s 


Pressure: (PSI) 

Start 1020 

End: 2350 

interim Maximum: 3520 


| 0.064 au. 





20 
Time I minutes) 


30 40 


Table 16.5: Water vs Tetrahydrofuran (56) 





| Water Versus Tetrahydrofuran - 254nm 


| 


' Column: BAKERBOND” Silica Gel 
5 um, 4.6 X 250 mm 


Mobile Phase: A = H20 
| B = Tetrahydrofuran 


' Gradient 596 B 10096 B, 35 min 
: Flow Rate: 1 m/min 
Detection: UV 9 254 nm; 1.28 aufs 


Pressure: (PSI): 
Start 1020 

End: 440 

interim Maximum: 


| 0.128 au. 


1850 





20 
Time | minutes} 


30 40 


(continued) 
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Table 16.5: (continued) 


м ч чт. Palm cato EH RH iH, ata пута тут ET, ET TET Rm mem, ceci n to 





Water Versus Tetrahydrofuran - 280nm 
Column: BAKERBOND” Silica Gel Pressure: (PSI): 

5 ут, 4.6 X 250 тт Start 1020 
Mobile Phase: A = НгО End: 440 


B = Tetrahydrofuran | : 
Interim Maximum: 1850 | 0.128 au. | 


ie ar. up oem ут 


Gradient 596 B 10096 B, 35 min 
Flow Rate: 1 ml/min 
Detection: UV Q 280 nm; 1.26 ація 






к---------- 





о и тено прасе и мена —€——————"———— ча лаб 


0 10 тор та 7777—30 40 
Time | minutes! 


Table 16.6: Water-0.1% Trifluoroacetic Acid vs Acetonitrile-0.1% Trifluoroacetic Acid (56) 






Water - 0.1% Trifluroacetic Acid Versus 
Acetonitriie - 0.1% Trifluroacetic Acid - 215nm 


Column: BAKERBOND” Silica Gel Pressure: (PSI) 
! Mobile Phase: A — 0.196 TFA in H20 | 
B — 0.196 TFA in Acetonitrie 5nd: 590 SUA ET 
Gradient 536 B 10096 B, 35 min Interim Maximum: N/A Er 


Flow Rate: ! ml/min 
: Detection: UV @ 215 nm; 1.28 auf.s 


| 


n 


що До 


0 10 20 зо 
Time I minutes! 





Water - 0.196 Trifluroacetic Acid Versus 
Acetonitrile - 0.196 Trifluroacetic Acid - 240nm 
Column: BAKERBOND” Silica Gel Pressure: (PS)): 
! 5 um, 4.6 Х 250 пт Start 880 ^ 


: Mobile Phase: A — 0.1% TFA in H20 2 
| В = 0.196 ТЕА п Асеюпипе ЕПА: 590 


i | interim Maximum: N/A 0.064 au. 
| Gradient: 596 В-»10096 В, 35 min | 

Flow Rate: 1 ml/min 

Detection: UV @ 240 nm; 0.64 aufs 


атан с а а 


Кенан сен 


0 | 10 20 30 40 
Time [minutes] (continued) 
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Table 16.6: (continued) 







Water - 0.1% Trifiuroacetic Acid Versus 
Acetonitrile - 0.1% Trifiuroacetic Acid —- 254nm 


Column: BAKERBONC" Silica Gel ` Pressure: (PSI): 





5 ит, 4.6 Х 250 тт Start 880 
Mobile Phase: A = 0.1% TFA in H20 | 
| В = 0.196 TFA in Acetonitriie Б'Є: 930 о ас 
(Gradient: 5% B->100% B, 35 min Interim Maximum: N/A | | 


iFlow Ва: 1 пупип 


Detection: UV @ 254 nm; 1.28 auf.s 


О 10 20 
Time [minutes] 





Table 16.7: 0.1 M Potassium Phosphate vs Acetonitrile (56) 


^ue Hm оз. 





EE FE PRI tcr mtr pyram ql Pr PA BA pr ge - ст дома ту жойы ыы ns a m arn Ар nni Va mt > 





Column: BAKERBOND” Silica Gel Pressure: (PSI): 


5 jum, 4.6 X 250 mm Start 850 
Mobile Phase: A — 0.1М KH2 PO« | 
B = Acetonitrile End: 300 0.128 au 
| Gradient: 5% В 100% В 35 тіп — "terim Maximum: N/A i | 


Flow Rate: 1 ml/min 


Detection: UV @ 215 nm; 1.28 aufs 


30 


0.1 M Potassium Phosphate Versus Acetonitrile - 215nm 
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0 10 20 30 40 
Time {minutes] 
| sleet а Se 22 ——— — 
0.1 M Potassium Phosphate Versus Acetonitrile - 254nm | 
Column: BAKERBOND” Silica Gel Pressure: (PSI): | 
5 pm, 4.6 X 250 mm Start 850 
Mobile Phase: A = 0.1M KHz РО N ; 
B = Acetonitrile End: 300 dass au | 
Gradient: 5% 81009 В, 36 тіп — terim Maximum: N/A | | | | 
i Flow Rate: 1 ml/min 
Detection: UV @ 254 nm; 0.64 auf.s 
0 10 20 30 40 


Time iminutes] 
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Table 16.8: 0.1 M Potassium Phosphate vs Methanol (56) 





= 
0.1 М Potassium Phosphate Versus Methanol - 215nm | 
Column: BAKERBOND” Silica Gel Pressure: (PSI): 


5 ym, 4.6 X 250 mm Start 850 
Mobile Phase: A = O.1M KHaPO« , 
B = Methanol End: 470 “Fose x 
| Gradient: 596 B —10096 B, 35 min Interim Maximum: 1620 


КРЧКО СО дала со MEL) NI ar aal le at d nti aet Gu 


! Flow Rate: ! ml/min 
Detection: UV @ 215 nm; 2.56 aufs 


( 


0 10 ЕЕ | 20 _ 30 40 
Time lminutes! 





O.1 M Potassium Phosphate Versus Methanol - 254nm 
Column: BAKERBOND" Silica Gel Pressure: (PSI). 












| 
| 
Mobile Phase: À = 0.1M KH2PO4 : | 
B = Methanol End: 470 ЕС; -" | 
Gradient 5% В —100% В, 35 тіп terim Maximum: 1820. н 


Flow Rate: 1 ml/min 
Detection: UV @ 254 nm; 0.64 auf.s 





10 20 30 40 
Time (minutes! 


Table 16.9: 0.05 M Potassium Phosphate vs Acetonitrile (56) 


0.05 M Potassium Phosphate Versus Acetonitrile -215nm 


Column: BAKERBOND" Silica Gel Pressure: (PSI): 


Mobile Phase: A = 0.05М КН2РОч End: 300 


Id red oases 


B — Acetonitriie 0.064 a.u. | 
Огаййеп: 5% В->100% В,35 ті "өтт Махітит: N/A | | | 
Fiow Rate: 1 m/min | 
Detection: UV 9 215 nm; 064 auf.s. | 

$ 10 20 30 40 


Time [minutes] 
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Table 16.9: (continued) 


0.05 М Potassium Phosphate Versus Acetonitrile - 254nm 


Column: BAKERBOND” Silica Gel Pressure: (PSI) 
5 um, 4.6 X 250 mm Start 850 


Mobile Phase: A = 0.05M KH2PO« 


B = Acetonitrile End: 300 
Gradient: 5% B->100% B35 min ‘terim Maximum: N/A EL on 
Flow Rate: 1 тугуп 
Detection: UV @ 254 nm; 0.32 auf.s. 


о 10 20 30 
Time | minutos! 


Table 16.10: 0.05 M Potassium Phosphate vs Methanol (56) 


0.05 M Potassium Phosphate Versus Methanoi - 215nm 
Column: BAKERBOND" Silica Gel Pressure: (PSI) 


5 ит 46 X 250 mm Start 850 
Mobile Phase: A = 0.05M KHzPO« Ў 
В = Methanol ко “Forze ги 
Gradient: 5% B о 10056 В, 35 min Interim Maximum: 1820 


Flow Rate: 1 ml/min 
Detection: ЦУ Ф 215 пт; 1.28 aufs 





20 
Time [minutes] 


0.05 M Potassium Phosphate Versus Methanol - 254nm 


Column: BAKERBOND" Silica Gel Pressure: (PSI) 
5 um, 4.6 X 250 mm Start 850 


Mobile Phase: A = 0.05M KHzPO« 


B = Methanol End: 470 ЕС EI 
Gradient: 5% B 100% B, 35 min "terim Maximum: 1820 


Flow Rate: 1 ml/min 
Detection: UV @ 254 nm; 0.64 aufs. 


A taut ae дъгата 


40 


ee іль сь пр Rim a ada d d a 


Ок 


о 10 20 30 
Time | minutes! 
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HPLC and UV Data 


Table 16.11: 0.01 M Potassium Phosphate vs 0.5 M Potassium Phosphate pH 6.8/6.4 (56) 


0.01 M Potassium Phosphate Versus 
0.5 M Potassium Phosphate pH 6.8/6.4 -- 200nm 


1 


Column: BAKERBOND” Silica Gel 
5 um, 4.6 X 250 mm 


Mobile Phase: A = 0.01M KH2PO4 
В = 0О5М КНРОА 
pH 6.8/6.4 


| Qradient 596 B —10096 B, 35 min 
Fiow Rate: 1 mi/min 
| Detection: UV @ 200 nm; 1.28 auf.s 





Pressure: (PSI): 

Start 800 

End: 1060 

interim Maximum: N/A 


| 0.128 au. 





тыға б Ом ee а: 


‘ 
Р Р cm hene 





9 10 20 30 40 
Time [minutes] 
0.01 M Potassium Phosphate Versus 
0.5 M Potassium Phosphate pH 6.8/6.4 - 254nm 
Column: BAKERBOND” Silica Gel Pressure: (PSI) 
5 um, 4.6 X 250 тт Start 800 
Mobile Phase: A = 0.01M KH2PO« : 
B=05M KH2PO, End: 1060 | 0.128 a.u. 
pH 6.8/6.4 Interim Maximum: N/A 
Gradient 596 B 110096 B, 35 min 
Flow Rate: 1 mi/min 
Detection: UV @ 254 nm, 1.28 aufs 
0 19 зо 40 
Time |minutesi 
0.01 M Potassium Phosphate Versus 
. 0.5 M Potassium Phosphate pH 6.8/6.4 - 280nm 
Column: BAKERBOND" Silica Gel Pressure: (PSI): 
5 um, 4.6 X 250 mm Start 800 
Mobile Phase: A= 0.01M KH2PO. с 
В= 05м КНгРОл ЕП: 1060 
рн 6.8/6.4 Interim Maximum: N/A 
Gradient 596 B 100% В, 35 тіп 
Flow Rate: 1 m/min 
Detection: UV @ 280 пт; 0.64 a.uf.s | 0.064 au. 
Q 10 30 40 


Time !minutes] 
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Table 16.12: Hexane vs Chloroform (56) 


Hexane Versus Chloroform - 254nm 


Column: BAKERBOND Wide Pore™ Buty! (C4) Pressure: (PSI): 
5 шт, 4.6 X 250 mm 


Start 230 
оре ас Епа: 370 
= roform 
Gradient 596 B 10096 B, 35 min Interim Maximum: N/A 0.084 au. 
Flow Rate: 1 mi/min 
Detection: UV @ 254 nm; 0.64 aufs 
9 | 10 = T 


Time (minutes! 


Hexane Versus Chloroform - 280nm 


Column: BAKERBOND Wide Pore™ Buty! (C4) Pressure: (PSI): 
5 um, 4.6 х 250 тт 


Mobile Phase: A WUME 290 
: A= Hexane ] 
B = Chioroform End: 370 а. 
Gradient: 5% В з 10056 В, 35 min interim Maximum: N/A . 
Flow Rate: 1 ml/min 
Detection: UV @ 280 nm; 0.64 auf.a 


Time lminutes! 


Table 16.13: Hexane vs Methylene Chloride (56) 


Hexane Versus Methylene Chloride - 254nm 
Column: BAKERBOND Wide Pore” Butyl (C4) Pressure: (PSI): 


5 um, 4.6 X 250 mm Start: 60 
Mobile Phase: A = Нехапе у 
| B = Methylene Chloride End: 230 Аааа 
Gradient: 5% В 100% B, 35 min Interim Maximum: N/A 


Flow Rate: 1 ml/min 
Detection: Uv ? 254 nm; 0.64 aufs. 


20 
Time [minutes] 


40 
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Table 16.14: Hexane vs Ethyl Acetate (56) 
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Hexane Versus Ethyl Acetate - 254nm 


Column: BAKERBOND Wide Pore™ Buty! (C4) Pressure: (PSI): i 
5 um, 4.6 X 250 mm і 


Start 60 
Mobile Phase: A = Нехапе : | 
В = Ethyl Acetate Епа: 230 0.064 au 
| Gradient: 5% В з 10096 В, 35 min Interim Maximum: N/A | | | | 









| Flow Rate: 1 ml/min 
| Detection: UV G 254 nm-0.64 aufs 


20 
Time minutes! 





Hexane Versus Ethyl Acetate - 280nm 
Column: BAKERBOND Wide Pore" Butyl ко Preseure: (PSI. 


5 um, 4.6 Х 250 тт 9i во 
Mobile Phase: A = Hexane 
B = Ethyl Acetate End: 230 Er "T 
Gradient 596 B —10096 B, 35 min Interim Maximum: N/A 


Flow Rate: 1 m/min 
Detection: UV @ 280 nm; 0.64 auf.s 


0 10 20 зо 40 
Типе [minutes] | 


Table 16.15: Hexane vs 2-Propanol (56) 


Hexane Versus 2-Propanol - 215nm 
Column: BAKERBOND Wide Pore” Butyl (C4) Preesure: (PSI) 


5 um, 4.6 X 250 mm ө 90 
Mobile Phase: A = Hexane 
Gradient: 5% В 100% В, 35 тіп Interim Maximum: N/A 


Flow Rate: 1 ml/min 
Detection: UV Q 215 nm; 064 auf.s 


3 


10 20 30 40 
Time (minutes! . 
(continued) 
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Table 16.15: (continued) 


| Hexane Versus 2-Propanol - 254nm- 


Column: BAKERBOND Wide Pore" Buty! (C+) Pressure: (PSI): 


5 um, 4.6 X 250 mm Start 90 
Mobile Phase: A = Hexane : | 
8 = 2-Propanol End: 2410 | 0.064 au 
Gradient. 5% B з 10056 В, 35 тіп Interim Maximum: N/A 


Flow Rate: 1 mV/min 
Detection: UV 9 254 nm; 064 aufs : 


с == нави "TERES 
Time i minutes] 


Table 16.16: Hexane vs Ether (Anhydrous) (56) 


Hexane Versus Ether (Anhydrous) - 254nm 


Column: BAKERBOND Wide Pore" Butyl (C«) Pressure: (PSI): 


Interim Maximum: N/A. 


m ——À 


30 


Mobile Phase: A = Hexane 
T End: 20 | | 
B= Ether 0.128 au. 


Gredient 5% В 10096 B, 35 min 
Flow Rate: 1 m//min 
Detection: UV @ 254 nm; 1.28 auf.s 








0 10 20 30 
Time | minutes] 
Hexane Versus Ether (Anhydrous) ~ 280nm 
Column: BAKERBOND Wide Pore™ Butyl (Cs) Pressure: (PS)): 
5 um, 4.6 X 250 mm Start 60 
| Mobile Phase: Ва наала Епа: 20 А 
| Огейөле 5% В->100% В, 35 тіп мет мати N/A і | | 
i Flow Rate: 1 ml/min 
| Detection: UV G 260 nm; 1.28 aufs 
| 
| 
| 
| 
0 10 20 30 


Time (minutes! 








Xam 


моите Neat PNT = 
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HPLC and UV Data 903 


Table 16.17: 2,2,4-Trimethylpentane vs Chloroform (56) 





2,2,4-Trimethylpentane Versus Chloroform - 254nm 
Column: BAKERBOND Wide Pore" Butyl (Ca) Pressure: (PSI): | 





5 шт, 4.6 Х 250 тт Start 320 
Mobile Phase: A = 2,2,4-Trimethyipentane i i 
B = Chioroform End: 440 — | 
Gradient 5% В-»10096 B, 35 min Interim Maximum: N/A | | 


Flow Rate: 1 ml/min | 
Detection: UV @ 254 nm; 1.28 auf.s 








0 | _ 10 | 20 30 | 4 
Time {minutes} 
2,2,4Trimethylpentane Versus Chloroform - 280nm | 
Column: BAKERBOND Wide Pore” Butyl (C4) Pressure: (PSI): | 
Mobile з б 22. Ipentane —— | | 
: = 2,2,% уреп 

| B = Chloroform = | 0.064 au. | 
Gradient 596 B 10096 B, 35 min Interim Maximum: N/A | 
Flow Rate: 1 mi/min 
Detection: UV Q 260 nm; 0.64 auf.s | 
| 
ј 
| 
| 

О 10 20 30 40 

Time | minutes! 
Table 16.18: 2,2,4-Trimethylpentane vs Methylene Chloride (56) 

| | , 
2,2,4-Trimethylpentane Versus Methylene Chloride - 254nm | 
Column; BAKERBOND Wide Роге” Вшуі (Са) Pressure: (PSI): | 
5 um, 4.6 X 250 mm Start 290 | 
| Mobile Phase: A — 2,2,4-Trimethylpentane : | 
| B = Methylene Chloride End: 230 е | 
| Gradient: 5% B ->100% В, 35 тіп Interim Maximum: N/A | | | 
{ Flow Rate: 1 m/min ! 
Detection: UV @ 254 nm; 0.32 aufs 1 
| 
| 
i 
| 

О 10 20 зо 40 


Time lminutesi 
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Table 16.19: 2,2,4-Trimethylpentane vs Ethyl! Acetate (56) 


2,2,4-Trimethylpentane Versus Ethyl Acetate - 254nm 


| Column: Busto Bn AB Ба, а Pressure: (PSI): | 
и . : 

Mobile Phase: A = 2,2,4-Trimethyipentane "ape а | 
B = Ethy! Acetate | 

Gradient: 5% B 10096 B, 35 min аш Maximum: | 


Flow Rate: 1 ml/min 
Detection: UV @ 254 nm: 1.28 auf.s 


| 0.128 au. 


30 40 


20 
Time [minutes] 





2,2,4-Trimethylpentane Versus Ethyl Acetate - 280nm 


Column: BAKERBOND Wide Роге“ Вишу! (Са) 
5 um, 4.6 X 250 mm 


Mobile Phase: A= 2,2,4-Trimethyipentane 
B = Ethy! Acetate 


| Gredient 596 В-»10096 В, 35 min 
Flow Наш: 1 путп 
Detection: UV @ 280 nm; 0.64 ація. 


Pressure: (PSI): 

Start 290 

End: 230 

interim Maximum: N/A 


| 0.064 au. | i 





Time [minutes] 


Table 16.20: 2,2,4-Trimethylpentane vs 2-Propanol (56) 


2,2,4-Trimethylpentane Versus 2-Propanol - 215nm 


Column: BAKERBOND Wide Pore" Butyl (C4) 
5 um, 46 x 250 mm 

Mobile Phase: A — 2,2,4-Trimethylpentane 

| B = 2-Ргорапо! 

| Gradient 596 B 10096 B, 35 min 

. Flow Rate: 1 mV/min 


| Detection: UV @ 215 nm; 1.28 auts 


‹ 
1 
5 


І 
і 
і 
і 
1 


| 
| 
| 
| 
| 


Pressure: (PSI) 

Start 320 

End: 2350 

Interim Maximum: 2650 


| 0.128 au. 








30 40 


20 
Time |minutes/ 
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Table 16.20: (continued) 


2,2,4-Trimethylpentane Versus 2-Ргорапо! - 254пт 
Column: BAKERBONO Wide Pore" Butyl (C4) Pressure: (PSI) 


Sm eos cos mm Start 320 
Mobile Phase: A = 2,2,4-Trimethylpentane Зе 
B = 2-Propanol End: 2350 | ds i 
Gradient: 5% В 100% В 35 тіп Interim Maximum: 2650 064 


Fiow Rate: 1 mi/min 
Detection: UV @ 254 nm; 0.64 aufs 


о 10 20 зо 40 
Time | minutes) 


Table 16.21: Methylene Chloride vs Methanol (56) 


Methylene Chloride Versus Methanol - 254nm 
Column: BAKERBOND Wide Pore™ Butyl (C4) Pressure: (PSI): 


5 jm, 4.6 X 250 mm Start 230 
Mobile Phase: A — Methylene Chloride у 
Gradient 5% В->100% В, 35 min interim Maximum: N/A ЕН 


Flow Rate: 1 ml/min 
Detection: UV @ 254 nm; 0.32 aufs 


ыйанан ер айы р аайы 


0 10 20 | зо 40 
Time [minutes] 


Table 16.22: Methylene Chloride vs 2-Propanol (56) 









Methylene Chioride Versus 2-Ргорапо! - 254nm 
Column: BAKERBOND Wide Pore™ Butyl (C4) Pressure: (PSI): 


5 um, 4.6 X 250 mm i Br 278 a i , 
Mobile Phase; A = Methylene Chloride А | + 
8 = 2-Ргорапо! End: 2940 dieu | 
Gradient; 590 B 10096 B, 35 min interim Maximum: N/A . 


Flow Rate: 1 путп 
Detection: UV @ 254 nm; 0.32 aufs 


б 10 20 | 30 40 
Time [minutes] 
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Table 16.23: Methylene Chloride vs Ethyl Acetate (56) 


 Methylene Chloride Versus Ethyl Acetate - 254nm 
Column: BAKERBOND Wide Pore" Butyl (C) Pressure: (PSI): 


5 ym, 4.6 X 250 mm Start 290 
Mobile Phase: A = Methylene Chloride а 
В = Ethyl Acetate Еле са асы 
Gradient: 5% B+100% B, 35 min тейт Мал тип IWA | | 


——— — — AM 2 


Flow Rate: 1 ml/min 
Detection: UV @ 254 nm; 1.28 auf.s 


0 10 20 30 40 
Time [minutes] 


Methylene Chloride Versus Ethyl Acetate - 280nm | 


Column: BAKERBOND Мае Роге" Butyl (Cs) Pressure: (PSI): и | 
Start 290 | 


бут, 4.8 X 250 mm 


Mobile Phase: A = Methylene Chloride : 
| = Епа: 220 
В = Ethyt Acetate рана 
Gradient 596 B —10096 B, 35 min interim Maximum: N/A 03 . 


Flow Rate: 1 ml/min 
Detection: UV @ 280 nm; 0.32 auf.s. 





0 10 20 30 40 
Time {minutes! 


Table 16.24: Methylene Chloride vs Ether (Anhydrous) (56) 


Methylene Chioride Versus Ether (Anhydrous) - 254nm | 
Column: BAKERBOND Wide Pore™ Butyl (Cs) Pressure: (PSI) 


Mobile Phase: A = Methylene Chioride End: 20 
B= Ether ^ 
й 0.064 au. 
Gradient: 5% В 100% B, 35 min Interim Maximum: N/A | 


Flow Rate: 1 ml/min 
Detection: UV @ 254 nm; 0.64 auf.s 


а ыы r ПРИ аш сы, у зш с оф 


Time [minutes] 
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Table 16.24: (continued) 


Methylene Chloride Versus Ether (Anhydrous) - 280nm ote 


Column: BAKERBOND Wide Pore™ Butyl (C4) Pressure: (PSI): ( 
Mobile Phase: A = Methylene Chioride à 

B = Ether Een ree 
Gradient: 596 B —10096 B, 35 min interim Maximum: N/A | | 


Flow Rate: 1 тутп 
Detection: UV 9 280 nm; 0.64 auf.s 





0 10 20 _ 30 40 
Time i minutes! 


ULTRAVIOLET SPECTRA 
Table 16.25: Acetic Acid, Glacial (56) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (£ ) (on Silica): 2073 


Polarity index (P ): 6.2 
Viscosity (cP, 25 C): 1.1 
Denaity (g/ml): 1.049 
Bolling Point ( C): 118^ 


Percent Water 
Soluble in Solvent: Miscible 


Refractive Index (25 Cj 1.370 


250 же 
Wavelengih (ММ } 


Typical Ultraviolet Spectrum 
Physicai Data 


Eluotropic 
Value, (E€ ) (on Silica): 


Polarity Index (P): 
Viscosity (cP, 25°C): 
Density (g/ml): 

Boiling Point (C): 56° 


Percent Water 
Soluble іп Solvent: Miscible 


Refractive Index (25°C): 1.356 


250 


300 
Wavelength (ММ) 
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Table 16.26: (continued) 


SPECIFICATIONS (67) 
Packed under nitrogen 
Water: Less than 0.50% by infrared spectroscopy 


Ultraviolet absorbance: axi 
velength, nm Absorbance 
330 1.000 
340 0.060 
350 0.010 
375 0.005 
400 0.005 


Refractive index: 1.3586 + 0.0003 at 20°C 

Boiling range: 56-57°С 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by gc analysis 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


Table 16.27: Acetonitrile (56)(67) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (E) (on Shica}: 0.50 


Polarity Index (Р): 6.2 
о? 
s Viscosity (cP, 25°C): 0.34 
ы 
{ s Density (g/ml): 0.786 
i ба Bolling Point (°C): 82° 
пз Percent Water 
Soluble in Soivent: Miscible 


Refractive Index (25°C): 1.341 


Tar) 2608] РЫШ 190 -ə 4093 
Wavelength NM! 





ACETONITRILE NON-SPECTRO /67) 


SPECIFICATIONS 

Water: Less than 0.05% by Karl Fischer titration 

Ultraviolet absorbance: Optical transparency is not controlled. For spectro- 

photometric applications use Acetonitrile UV. 

Refractive index: 1.3440 + 0.0006 at 20°C 

Boiling range: 81-82°C 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by gc analysis 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide, 
based on a 1:1 petroleum ether extract. 


(continued) 
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Table 16.27: (continued) 


ACETONITRILE Uv (67) 


SPECIFICATIONS 

Water: Less than 0.01% by Karl Fischer titration 

Ultraviolet absorbance: Ma um 

| Wavelength, nm Absorbance 

190 1.000 
200 0.050 
225 0.010 
250 0.005 
350 0.005 


Refractive index: 1.3440 + 0.0006 at 20°C 

Boiling range: 81-82°C 

Residue: Less than one mg/l 

Purity: Greater than 99.9$ by gc analysis 

Electron capture gc: Ко residue peaks greater than 10 ng/l as heptachlor epoxide, 

based on a 1:1 petroleum ether extract. 

Purity by liquid chromatography: No UV absorbing peak greater than 0.001 
absorbance unit (l cm path length) at 254 nm, or 0.005 absorbance unit 
at 205 nm in a gradient from 100$ water to 100$ acetonitrile on a 15 x 
0.46 cm column with 5 uM C-18 packing. No fluorescent peak greater than 
that equivalent to 20 pg of benzo(a)-pyrene under the above conditions 
using 350 nm excitation, 450 nm emission. 


Table 16.28: Benzene (56)(61) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (E ) (on Silica): 


Polarity Index (P ): 
Viscosity (cP, 25 C): 
Density (g/ml): 
Boiling Point ( C): 


Percent Water 
Soluble in Solvent: 0.058% 


Refractive Index (25 С): 1.498 


10 Х лы 


ия» 
Wavelength {NM} 





SPECIFICATIONS (67) 

Water: Less than 0.02% by Karl Fischer titration 

Ultraviolet absorbance: Maximum 

Wavelen Absorbance 

278 1.000 
300 0.020 
325 0.010 
350 0.005 
400 0,005 


Refractive index: 1.5006 + 0.0006 at 20°C 

Boiling range: 80-81°C 

Residue: Less than one mg/l 

Purity: Greater than 99.5% by gc analysis 

Substances darkened by sulfuric acid: Passes ACS test 

Color with hot sulfuric acid: Passes test (colorless) 

Thiophene: Passes ACS test (limit one mg/1) 

Electron capture gc: No residue peak greater than 4 ug/l ав heptachlor epoxide. 
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Table 16.29: 2-Вшапо! (61) 


FICATIONS 
Water: Less than 0.05% by Karl Fischer titration 
Ultraviolet absorbance: 


Maximum 
Wavelength, nm Absorbance 
260 1.000 
275 0.300 
300 0.010 
350 0.005 
400 0.005 
Refractive index: 1.3970 + 0.0008 at 20°C 
Boiling range: 99-100°C 
Residue: Less than five mg/l 
Purity: Greater than 98% by gc analysis 
Table 16.30: n-Butyl Acetate (67) 
SPECTFICATIONS 
Water: Less than 0.05% by Karl Fischer titration 
Ultraviolet absorbance: 
Maximum 
Wavelength, nm Absorbance 
254 1.000 
275 0.050 
300 0.010 
350 0.005 
400 0.005 
Refractive index: 1.3937 + 0.0010 at 20°C 
Boiling range: 124-126°C 
Residue: Less than five mg/l 
Purity: Greater than 99.0% by ge analysis 
Table 16.31: n-Butyl Alcohol (61) 
SPECIFICATIONS 
Water: Less than 0.03% by Karl Fischer titration 
Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 
215 1.000 
222 0.500 
250 0.040 
275 0.010 
300 0.005 


Refractive index: 1.3990 + 0.0004 at 20°C 
Boiling range: 117-118°C 

Residue: Less than five mg/l 

Purity: Greater than 99.8% by ge analysis 


Table 16.32: n-Butyl Chloride (61) 


SPECIFICATIONS 


HPLC and UV Data 91I 


Water: Less than 0.02$ by Karl Fischer titration 


Ultraviolet absorbance: 


Maximum 
Wavele n 
220 1.000 
225 0.300 
250 0.010 
300 0.005 
400 0.005 


Refractive index: 1.4017 + 0.0008 at 20°C 


Boiling range: 78-79°C 
Residue: Less than one mg/l 


Chloride: Not detectable (limit 10 mg/1) 
Purity: Greater than 99.5% by gc analysis 


Table 16.33: tert-Butyl Methyl Ether (56) 


Typical Ultraviolet Spectrum 


Table 16.34: Carbon Tetrachloride (56)(61) 


Typical Ultraviolet Spectrum 








Physical Data 


Eluctropic 
Value, (E ) (on Silica): 029 


Polarity Index (P ): 
Viscosity (cP, 25 C): 
Density (g/mi): 
Bolling Paint { C): 


Percent Water 
Soluble In Solvent: N/A 


Refractive index (25 C}: 1.368 


Physical Data 


Eivotropic 
Value, (£ ) ол Вика); 


Polarity index (P): 
Viecosity (cP, 25 C): 


Density (g/mi}: 


Bolling Point ( C): 77 


Percent Water 
Soluble in Solvent: 0.008% 


Refractive Index (25°C): 1.457 


(continued) 
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Table 16.34: (continued) 


SPECIFICATIONS (61) 


Water: 
Ultraviolet absorbance: 


Refractive index: 
Boiling range: 76-77°C 
Residue: 
Purity: 


Substances darkened by sulfuric acid: 
Not detectable (limit one mg/l as HC1) 
Not detectable (limit 10 mg/1) 
C-H and C=O free. 


Acidity: 
Chloride: 
Infrared absorbance: 


Less than 0.01% by Karl Fischer titration 


Maximum 
Wavelength, nm Absorbance 
263 1.000 
275 0.100 
300 0.005 
350 0.005 
400 0.005 


1.4601 + 0.0003 at 20°C 


Less than one mg/l 
Greater than 99.9% by gc analysis 


Passes ACS test 


Shows no extraneous absorbance bands 


in the 3.1-3.6 and 5.6-6.0 micron ranges when observed in a 25 mm path 


length liquid cell. 
Table 16.35: Chlorobenzene (61) 


SPECIFICATIONS 
Water: 
Ultraviolet absorbance: 


Refractive index: 
Boiling range: 131-132° 
Residue: 
Purity: 


Table 16.36: Chloroform (56) (61) 


С 


Less than 0.03% by Karl Fischer titration 


Maximum 
Wavelength, nm Absorbance 
287 1.000 
300 0.050 
325 0.040 
350 0.020 
400 0.005 


1.5249 + 0.0007 at 20°C 


Less than one mg/l 
Greater than 99.9% by ge analysis 


(Alcohol Stabilized) (56) 


Typical Ultraviolet Spectrum 


250 





Physical Data 


Eluctropic 
Value, (£ ) (on Silica): 


Polarity Index (Р): 
Viscosity (cP, 25' C): 
Density (g/ml): 
Boiling Point ( C): 61 


Percent Water 


Soluble In Solvent: 0.072% 


Refractive Index (25’C): 1.443 


300 
Wavelength (NM) 


(continued) 


HPLC and UV Data 913 


Table 16.36: (continued) 
(Hydrocarbon Stabilized) (56) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (€ ) (on Silica): 


Polarity index (Р): 4.4 


Viscosity (cP, 25°C): 0.53 
Density (g/ml): 1.483 
Boiling Point (°C): 61 


Percent Water 
Soluble in Solvent: 0.07 2% 


Refractive index (25°C): 1.443 


чо 200 лю ки 
Wavelenyth (NM) 





(Without Ethanol) (67) 


SP 0 

Packed under nitrogen 

Preservative: Amylene 

Water: Less than 0.028 by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength. nm 

245 1.000 

250 0.300 

275 0.005 

300 0.005 

400 0.005 


Refractive index: 1.4457 t 0.0003 at 20'C 

Boiling range: 61-62°C 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by ge analysis (excluding preservative) 

Suitability for use in dithizone tests: Passes ACS test 

Substances darkened by sulfuric acid: Passes ACS test 

Acidity: Not detectable (limit one mg/l as HCl) 

Chloride: Not detectable (limit 10 mg/1) 

Alkaline extraction: Absorbance of aqueous alkaline extract not more than 0.10 
ас 240 пт. 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


(With 196 Ethanol) (67) 


Packed under nitrogen 

Contains 1% ethanol. 

Preservative: Amylene 

Water: Less than 0.02% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm bsorb 

245 1.000 

250 0.300 

275 0.005 

300 0.005 

400 0.005 


Refractive index: 1.4447 + 0.0004 at 20°C 

Boiling range: 61-62°C 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by gc analysis (excluding preservative) 

Suitability for use in dithizone tests: Passes ACS test 

Substances darkened by sulfuric acid: Passes ACS test 

Acidity: Not detectable (limit one mg/l as HCl) 

Chloride: Not detectable (limit 10 mg/l) 

Alkaline extraction: Absorbance of aqueous alkaline extract not more than 0.10 
at 240 no. 

‘Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 
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Table 16.37: Cyclohexane (56) (61) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 


Vaiue, (E ) (on Silica): 


Polarity Index (Р): 


Viscosity (cP, 25 C): 


Density (g/ml): 
‘Boiling Point { С): 


Percent Water 


Soluble in Solvent: 


Refractive index (25 C): 


250 


300 
Wavelength (ҸМ 


SPECIFICATIONS (61) 
Water: Less than 0.01% by Karl Fischer titration 


Ultraviolet absorbance: 
Wavelength, nm 
200 
225 
250 
300 
400 


Refractive index: 1.4240 + 0.0020 at 20°C 
Boiling range: 80-81°C 

Residue: Less than one mg/l 

Purity: Greater than 99.5$ by gc analysis 
Electron capture gc: 


Table 16.38: Cyclopentane (61) 


SPECIFICATIONS 
Water: Less than 0.01% by Karl Fischer titration 


Ultraviolet absorbance: 
Wavelength, nm 
200 
215 
225 
300 
400 


Refractive index: 1.4065 + 0.0005 at 20°C 

Boiling range: 49-50°C 

Residue: Less than one mg/l 

Purity: Greater than 75% cyclopentane and 99% cyclopentane 
Cg hydrocarbons by gc analysis 

Electron capture gc: No residue peaks greater than 10 ng/1 





0.012% 


1.423 


Maximum 


Absorbance 
1.000 


0.170 
0.020 
0.005 
0.005 


No residue peaks greater than 10 ng/l as heptachlor epoxide. 


Maximum 
Absorbance 
1.000 
0.300 
0.020 
0.005 
0.005 


and saturated 


as heptachlor epoxide. 


Table 16.39: Decahydronaphthalene (Decalin) (67) 


CATIONS 
Water: Less than 0.01% by Karl Fischer titration 
Ultraviolet absorbance (under nitrogen): 


Wav h 
200 
225 
250 
300 
400 


Refractive index: 1.4766 + 0.0015 at 20°C 
Residue: Less than 10 mg/l 
Purity: Greater than 99.0% by ge analysis 


Table 16.40: o-Dichlorobenzene (56) (67) 


Typical Ultraviolet Spectrum 


Physical Data 


Eluotropic 


HPLC and UV Data 915 


Maximum 


Absorbance 
1.000 


0.500 
0.050 
0.005 
0.005 


Value, (£ ) (on Silica): 


Polarity Index (P ): 


Viscosity (cP, 25°C): 1.33 


Density (g/ml): 


1.306 


Boiling Point ( C): 180.5 


Percent Water 


Soluble in Solvent: 0.3% 


Refractive index (25°C): 1.551 


SPECIFICATIONS (61) 
Water: Less than 0.02% by Karl Fischer titration 


Ultraviolet absorbance: 
Wavelength, nm 
295 
300 
325 
350 
400 


Refractive index: 1.5517 + 0.0008 at 20°C 
Residue: Less than five mg/l 
Purity: Greater than 98.0% by gc analysis 





Maximum 
Absorbance 
1.000 
0.300 
0.100 
0.050 
0.005 
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Table 16.41: Diethyl Carbonate (67) 


Water: Less than 0.02% by Karl Fischer titration 
Ultraviolet absorbance: 


a 


Wavelength, nm Absorbance 
256 1.000 
265 0.150 
215 0.050 
300 0.040 
400 0.010 


Refractive index: 1.384 + 0.0010 at 20°C 
Boiling range: 125-126°C 

Residue: Less than five тр/1 

Purity: Greater than 99.0% by ge analysis 


Table 16.42: Dimethyl Acetamide (61) 


SPECIFICATIONS 

Packed under nitrogen 

Water: Less than 0.03% by Karl Fischer titration 
Ultraviolet absorbance: 


Maximum 
Wavelength, nm Absorbance 
268 1.000 
275 0.300 
300 0.080 
350 0.005 
400 0.005 


Residue: Less than one mg/l 
Purity: Greater than 99.5% by glc analysis 
Gc impurities eluting before solvent: None greater than five mg/l 


Table 16.43: Dimethyl Formamide (61) 


CIFICATIONS 
Packed under nitrogen 
Water: Less than 0.03% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

268 1.000 

275 0.300 

300 0.050 

350 0.005 

400 0.005 


Residue: Less than two mg/l 
Purity: Greater than 99.9% by ріс analysis 
Gc impurities eluting before solvent: None greater than five mg/l 


HPLC and UV Data 917 


Table 16.44: Dimethyl Sulfoxide (61) 


ONS 
Packed under nitrogen 
Water: Less than 0.04% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

268 1.000 

275 0.500 

300 0.200 

350 0.020 

400 0.005 


Refractive index: 1.4775 + 0.0015 at 20°C 
Residue: Less than one mg/l 
Purity: Greater than 99.5% by gc analysis 


Table 16.45: 1,4-Dioxane (61) 


SPECIFICATIONS 
Packed under nitrogen 
Water: Less than 0.05% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

215 1.000 

250 0.300 

300 0.020 

350 0.005 

400 0.005 


Refractive index: 1.4216 + 0.0010 at 20°C 

Boiling range: 101-102°C 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by рс analysis 

Peroxides: Less than two шр/1 аз НО, at time of packaging 


Table 16.46: Ether, Anhydrous (56) 


Typical Uttraviolet Spectrum 
Physical Data 


Eiuotropic 
Value, (E ) (on Silica): 


Polarity Index (Р): 
Viscosity (cP, 25 C): 
Density (g/ml): 


Boiling Point ( C): 35 


2 


Percent Water 
Sotuble in Solvent: 1.3% 


Refractive Index (25 С): 1.350 


250 100 
Wavelength (NM) 
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Table 16.47: 2-Ethoxyethanol (67) 


SPECIFICATIONS 


Packed under nitrogen 
Water: Less than 0.05% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

210 1.000 

225 0.500 

250 0.200 

300 0.005 

400 0.005 


Refractive index: 1.4074 + 0.0005 at 20°C 

Boiling range: 134-136°C 

Residue: Less than one mg/l 

Purity: Greater than 99.5% by gc analysis 

Peroxides: Less than two mg/l as Ho0, at time of packaging 


Table 16.48: Ethyl Acetate (56) (67) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (£ ) (on Silica): 


Polarity Index (P ): 
Viscosity (cP, 25'C): 
Density (g/ml): 
Boiling Point ( C): 


Percent Water 
Soluble in Solvent: 9.8% 


Refractive Index (25°C): 1.370 


2 


300 
Wavelength (NM) 





SPECIFICATIONS (67) 
Water: Less than 0.03% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 
256 1.000 
275 0.050 
300 0.030 
325 0.005 
350 0.005 


Refractive index: 1.3721 + 0.0003 at 20°C 

Boiling range: 77-78°С 

Residue: Less than one mg/l 

Purity: Greater than 99.5% by ge analysis. A special grade free of trace 
aldehyde, ketone, acid, and alcohol (less than 0.005A at 275 nm) is 
available at extra cost. 


Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


HPLC and UV Data 919 


Table 16.48: (continued) 


Purified for applications requiring solvent free of 
trace aldehyde, ketone, acid or alcohol. 


Water: Less than 0.05% by Karl Fischer titration 
Ultraviolet absorbance: 


Wavelength, nm 

| 256 1.000 
275 0.005 
300 0.005 


Refractive index: 1.3721 + 0.0003 at 20°C 
Boiling range: 77-78°С 

Residue: Less than one mg/l 

Purity: Greater than 99.9$ by gc analysis. 


Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 
Color with sulfuric acid: Passes ACS test 


Substances reducing permanganate: Passes 24 hour test 


Table 16.49: Ethylene Dichloride (61) 


CATIONS 
Water: Less than 0.01% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

228 1.000 

240 0.300 

250 0.100 

300 0.005 

400 0.005 


Refractive index: 1.4444 + 0.0006 at 20°C 
Boiling range: 83-84°С 

Residue: Less than one mg/l 

Acidity: Not detectable (limit one mg/l as HCl) 
Chloride: Not detectable (limit 10 mg/1) 
Purity: Greater than 99.9% by gc analysis 


Table 16.50: Ethyl Ether (67) 


WI I 


ONS 
Packed under nitrogen 
Preservative: 2% ethanol 
Water: Less than 0.03% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

215 1.000 

250 0.080 

275 0.010 

300 0.005 

400 0.005 


Refractive Index: 1.3528 + 0.0005 at 20°C 

Boiling range: 34-35°C 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by gc analysis (excluding preservative) 

Peroxides: Less than one mg/l as H405 at time of packaging 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


(continued) 
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Table 16.50: (continued) 


ETHYL ETHER 
WITHOUT PRESERVATIV 


N 
Packed under nitrogen 
Contains no preservatives 
Water: Less than 0.03% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelengt Absorbance 

215 1.000 

250 0.080 

275 0.010 

300 0.005 

400 0.005 


Refractive Index: 1.3521 + 0.0005 at 20°C 

Boiling range: 34-35°С 

Residue: Less than one mg/l 

Purity: Greater than 99.9$ by gc analysis 

Peroxides: Less than one mg/l as H,O, at time of packaging 


Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


Table 16.51: GLYME (61) 


SPECIFICATIONS 

Packed under nitrogen 

Water: Less than 0.08% by Karl Fischer titration 
Ultraviolet absorbance: 


Maximum 
Wavelength, nm Absorbance 
220 1.000 
250 0.250 
300 0.050 
350 0.010 
400 0.005 


Refractive index: 1.3790 + 0.0010 at 20°C 

Boiling range: 84-85°C 

Residue: Less than five mg/l 

Purity: Greater than 99.5% by gc analysis 

Peroxides: Less than two mg/l as H,0, at time of packaging 


Table 16.52: n-Heptane (56)(61) 


Typicai Ultraviolet Spectrum 


Physical Data 


Eluotropic 
Value, (£ ) (on 8 са): 


Polarity index (P ): 
Viscosity (cP, 25 C): 
Density (g/mi): 

Boiling Point ( C): 98 


Percent Water 
Soluble іп Solvent: 00109, 


Refractive Index (25 Cy 1.385 





HPLC and UV Data 921 


Table 16.52: (continued) 


CIFICATIONS (61) 
Water: Less than 0.01% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

200 1.000 

225 0.100 

250 0.010 

300 0.005 

400 0.005 


Refractive index: 1.3878 + 0.0006 at 20°C 

Boiling range: 98-99°C 

Residue: Less than one mg/l 

Purity: Greater than 96% n-heptane and 99.9% n-heptane and saturated C7 
hydrocarbons by gc analysis 

Electron capture gc: No residue peak greater than 4 ug/l of heptachlor epoxide. 


Table 16.53: Hexadecane (61) 


Packed under nitrogen 
Water: Less than 0.01% by Karl Fischer titration 
Ultraviolet absorbance: 


Wavelength, nm 
190 1.000 
200 0.500 
250 0.020 
300 0.005 
400 0.005 


Refractive index: 1.4340 + 0.0006 at 20°C 
Residue: Less than five mg/l 
Purity: Greater than 99.9% by ge analysis 


Table 16.54: Hexane (56) (61) 
97% n-Hexane (56) 


Typical! Ultraviolet Spectrum 


Physical Data 


Eluotropic 
Value, (£ ) (on Sitlca): 


Polarity Index (P ): 
Viscosity (cP, 25 C): 
Density (g/mi): 

Boiling Point { C): 69 


Parcent Water 
Soluble in Solvent: 0.01% 


Refractive index (25 C); 1.372 





(continued) 
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Table 16.54: (continued) 


95% n-Hexane (56) 


Typical Ultraviolet Spectrum 


Physical Data 


Etuotropic 
Value, (E ) (on Silica): 


Polarity index (P ): 
Viscosity (cP, 25 C): 
Density (g/ml): 
Boiling Point ( C): 


Percent Water 
Soluble in Solvent: 0.01% 


Refractive Index (25 Cy 1372 





85% n-Hexane (56) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (E ) (on Silica): 


Polarity Index (P ): 
Viscosity (cP, 25 C): 


Density (g/ml): 0.659 


Boiling Point ( C): 69 


Percent Water 
Soluble in Solvent: 0.01% 


Refractive Index (25 C): 1.372 


тәсі дснт 
и у ај ПАК 





Hexane Non-Spectro (67) 


Water: Less than 0.01% by Karl Fischer titration 

Ultraviolet absorbance: Optical transparency is not controlled. For spectro- 
photometric applications use Hexane UV. 

Refractive index: 1.3770 + 0.0020 at 20°C 

Boiling range: 68-69°C 

Residue: Less than one mg/l 

Benzene: Less than 10mg/1 

Purity: Greater than 85% n-hexane and 99.5% n-hexane and saturated Св Пудко- 
carbons by gle analysis. 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


(continued) 


HPLC and UV Data 923 


Table 16.54: (continued) 
Hexane UV (67) 


Water: Less than 0.01% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 
195 1.000 
225 0.050 
250 0.010 
275 0.005 
300 0.005 


Refractive index: 1.3770 + 0.0020 at 20°C 

Residue: Less than one mg/l 

Benzene: Less than one mg/l 

Purity: Greater than 85% n-hexane and 99.9% n-hexane and saturated C6 
hydrocarbons by glc analysis 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


Table 16.55: Isobuty! Alcohol (56) (61) 


Typical Ultraviolet Spectrum 


Physical Data 


Eluotropic 
Value, (E°) (on Silica): 


Polarity Index (Р): 

Viscosity (cP, 28°C): 

Density (g/ml): 0.802 
Boiling Point (°C): 108° 


Percent Water 
Solubie in Solvent: N/A 


Refractive Index (28°C): 1.384 





SPECIFICATIONS (67) 


Water: Less than 0.05% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

220 1.000 

250 0.050 

275 0.030 

300 0.020 

400 0.010 


Refractive index: 1.3959 + 0.0011 at 20°C 
Boiling range: 108-109°C 

Residue: Less than five mg/l 

Purity: Greater than 99.0% by gc analysis 
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Table 16.56: iso-Octane (2,2,4- Trimethylpentane) (67) 


SPECIFICATIONS 


Water: 


Less than 0.01% by Karl Fischer titration 


Ultraviolet absorbance: 


Maximum 
Wavelength. nm Absorbance 
215 1.000 
225 0.100 
250 0.020 
300 0.005 
400 0.005 


Refractive index: 1.3915 + 0.0008 at 20°C 


Boiling 
Residue: 
Purity: 


range: 99-100°C 
Less than one mg/l 
Greater than 99.0% by gc analysis 


Halomethanes: Less than one ppb available on special order 
Electron capture gc: No residue peaks greater than 4 ug/l as heptachlor epoxide. 


Table 16.57: lsopropyl Aicohol (67) 


SPECIFICATIONS 


Water: 
Ultravio 


Refracti 
Boiling 
Residue: 
Purity: 


Less than 0.06% by Karl Fischer titration 


let absorbance: 
Maximum 
Wavelength, nm Absorbance 

205 1.000 
225 0.160 
250 0.020 
300 0.005 
400 0.005 


ve index: 1.3766 + 0.0006 at 20°C 
range: 82-83°C 

Less than two mg/l 

Greater than 99.9$ by gc analysis 


Electron capture gc: No residue peak greater than 4 ug/l as heptachlor epoxide. 


50Р COHO 
Low Water 
SPECIFICATIONS 
Water: Less than 0.01% by Karl Fischer titration 


Ultravio 


let absorbance: 
Maximum 
Wavelength, nm Absorbance 

205 1.000 
225 0.160 
250 0.020 
300 0.005 
400 0.005 


Refractive index: 1.3766 + 0.0006 at 20°C 


Bolling 
Residue: 
Purity: 


range: 82-83°С 
Less than two mg/l 
Greater than 99.9% by gc analysis 


Electron capture gc: No residue peak greater than 4 ug/l as heptachlor epoxide. 


HPLC and UV Data 925 


Table 16.58: Isopropyl Myristate (67) 


A specially purified solvent intended for sterility 
testing of ophthalmic ointments. 


SPECIFICATIONS 

pH of Water extract: Greater than 6.5 
Appearance: Clear, colorless liquid 
Infrared absorbance: Equivalent to standard 


Table 16.59: Methanol (56) (67) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (E ) (on Silica): 


Polarity Index (P`): 
Viscosity (cP, 25 C): 


Density (g/ ml}: 


2 
5 
2 


Boiling Point ( C): 


Percent Water 
Sotubie in Solvent: Miscible 


Refractive Index (25 C): 1.326 


S00 
Wavetengih: (NM) 





SPECIFICATIONS (67) 

Water: Less than 0.05% by Karl Fischer titration 

Ultraviolet absorbance: Maximum 

Wavelength Absorbance 

205 1.000 
225 0.160 
250 0.020 
300 0.005 
400 0.005 


Refractive index: 1.3284 + 0.0004 at 20°C 

Boiling range:  64-65*C 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by gc analysis 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 

Purity by liquid chromatography: No UV absorbing peak greater than 0.005 
absorbance unit (1 cm path length) at 254 nm in a gradient from 100% water 
со 100% methanol оп а 15 x 0.46 cm column with 5 uM C-18 packing. No 
fluorescent peak greater than that equivalent to 20 pg of benzo(a)pyrene 
under the above conditions using 350 nm excitation, 450 nm emission. 


METHANOL 
For Purge and Trap Analysis 


SPECIFICATIONS (61) 

Water: Less than 0.05% by Karl Fischer titration 

Refractive index: 1.3284 + 0.0004 at 20°C 

Boiling range: 64-65°C 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by ge analysis 

Volatile Organics: Suitable for GC-MS analysis of volatile organics in water 
and soil/sediment samples according to the EPA purge and trap Methods 601, 
624, and 8240 (2-Butanone: less than 10 ug/1). 
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Table 16.60: 2-Methoxyethanol (61) 


Packed under nitrogen 
Water: Less than 0.08% by Karl Fischer titration 
Ultraviolet absorbance: 


Wavelength, nm 
210 
250 
275 
300 
400 


Refractive index: 1.4020 + 0.0010 at 20°C 

Boiling range: 123-124%С 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by gc analysis 
Suitability for use in ninhydrin assay: Passes test 


Maximum 
bs nce 
1.000 
0.130 
0.030 
0.005 
0.005 


Peroxides: Less than two mg/l as H50, at time of packaging 


Table 16.61: 2- Methoxyethyl Acetate (67) 


Packed under nitrogen 


Preservative: Available with or without 0.1% para-methoxyphenol 


Water: Less than 0.05% by Karl Fischer titration 
Ultraviolet absorbance: 


Wavelength, nm 
254 


275 
300 
350 
400 


Refractive index: 1.4015 + 0.0010 at 20°C 
Boiling range: 143-144°C 

Residue: Less than five mg/l 

Purity: Greater than 98% by ge analysis 


Peroxides: Less than two mg/l as H50, at time of packaging 


Table 16.62: Methyl t-Butyl Ether (61) 


SPECIFICATIONS 
Packed under nitrogen 
Water: Less than 0.02% by Karl Fischer titration 
Ultraviolet absorbance: 
Wavelength, nm 
210 
225 
250 
300 
400 


Refractive index: 1.3690 + 0.0010 at 20°C 

Boiling range: 55-56°C 

Residue: Less than one mg/l 

Purity: Greater than 99.0% by gc analysis 

Peroxide: Less than one mg/l as H50 

Electron capture gc: No residue d E greater than 10 ng/l 


Maximum 
Absorbance 
1.000 
0.150 
0.050 
0.005 
0.005 


Maximum 
Absorbance 
1.000 
0.500 
0.100 
0.005 
0.005 


as heptachlor epoxide. 


Tabie 16.63: Methylene Chloride (56) (61) 


Typicai Ultraviolet Spectrum 


yat nw ги ки! 


Wavelength (NM) 


Physica! Data 


Eluotropic 


Value, (£ ) (on Silica): 


Polarity Index (P): 
Viscosity (cP, 25 C): 
Density (g/ml): 
Boiling Point ( C): 


Percent Water 
Soluble in Soivent: 


Refractive index {25 C): 
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3.4 
0.41 
1.327 


40 


0.17% 


1.421 


SPECIFICATIONS (61) 

Preservative:  Cyclohexene 

Water: Less than 0.01% by Karl Fischer titration 

Ultraviolet absorbance: 

Maximum 
Wavelength, nm Absorbance 

233 1.000 
240 0.100 
250 0.010 
300 0.005 
400 0.005 


Refractive index: 1.4241 + 0.0005 at 20°C 
Boiling range: 40-41°C 


Residue: Less than one mg/l 

Acidity: Not detectable (limit one mg/l as HCl) 
Chloride: Not detectable (limit 10 mg/1) 
Purity: Greater than 99.9% by gc analysis 


Electron capture gc: 


Table 16.64: Methyi Ethyl Ketone (56) (67) 


Typical Ultraviolet Spectrum 


ин: 
Wavetengih (NM) 


No residue peaks greater than 10 ng/l as 


Physical Data 


Etuotropic 


Value, (£ ) (on Silica): 


Polarity Index (Р ): 
Viscosity (cP, 25 C): 
Density (g/mi): 
Boiling Point ( С): 


Percent Water 
Soluble in Solvent: 


Refractive Index (25 С): 





heptachlor epoxide. 


23.4% 


1.376 
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Table 16.64: (continued) 


SPECIFICATIONS (67) 
Packed under nitrogen 
Water: Less than 0.05% by Karl Fischer titration 


Maximum 
Wavelength, nm Absorbance 
329 1.000 
340 0.100 
350 0.020 
375 0.010 
400 0.005 
Refractive index: 1.3783 + 0.0007 at 20°C 
Boiling range: 79-80°C 
Residue: Less than one mg/l 
Purity: Greater than 99.5% by gc analysis 
Table 16.65: Methyl Isoamyl Ketone (67) 
Packed under nitrogen 
Water: Less than 0.05% by Karl Fischer titration 
Ultraviolet absorbance: Maximum 
| Wavelength, nm Absorbance 
330 1.000 
340 0.100 
350 0.050 
375 0.010 
400 0.005 
Refractive index: 1.4072 + 0.0005 at 20°C 
Boiling range: 142-144°C 
Residue: Less than five mg/l 
Purity: Greater than 99.0% by gc analysis 
Table 16.66: Methyl lsobuty! Ketone (67) 
SPECIFICATIONS 
Packed under nitrogen 
Water: Less than 0.05% by Karl Fischer titration 
Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 
334 1.000 
340 0.500 
350 0.250 
375 0.050 
400 0.005 


Refractive index: 1.3954 + 0.0006 at 20°C 
Boiling range: 115-116°C 

Residue: Less than five mg/l 

Purity: Greater than 99.0% by gc analysis 
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Table 16.67: Methyi n-Propyl Ketone (61) 
SPECIFICATIONS 


Packed under nitrogen 
Water: Less than 0.05% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

331. 1.000 

340 0.150 

350 0.020 

375 0.005 

400 0.005 


Refractive index: 1.3903 + 0.0008 at 20°C 

Boiling range: 101-102°C 

Residue: Less than two mg/l 

Purity: Greater than 90.0% methyl n-propyl ketone and greater than 99.0% 
methyl n-propyl ketone and methyl isobutyl ketone by gc analysis 


Table 16.68: N-Methylpyrrolidone (61) 


Packed under nitrogen 
Water: Less than 0.05% by Karl Fischer titration 
Ultraviolet absorbance: 


Maximum 
Wavelength, nm Absorbance 
285 1.000 
300 0.500 
325 0.100 
350 0.030 
400 0.010 


Refractive index: 1.4700 t 0.0020 at 20*C 
Purity: Greater than 99.5% by gc analysis 


Table 16.69: Pentane (56)(61) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (£") (on Silica): 


Polarity Index (Р): 
Viecosity (cP, 25°C): 
Density (g/ml): 
Boiling Point (^C): 


Percent Water 
Soluble in Solvent: 0.01% 


Refractive tndex (25°C): 1.355 


зоо 
Wavelengih (Nid) 
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Table 16.69: (continued) 


SPECIFICATIONS (67) 
Water: Less than 0.01% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

190 1.000 

200 0.600 

250 0.010 

300 0.005 

400 0.005 


Refractive index: 1.3576 + 0.0003 at 20°C 

Boiling range: 35-37°C 

Residue: Less than one mg/l 

Purity: Greater than 98% n-pentane and 99.9% n-pentane and saturated Cs 
hydrocarbons by ge analysis 

Halomethanes: Less than one ppb available on special order 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


Table 16.70: Petroleum Ether (67) 


SPECIFICATIONS 

Water: Less than 0.01% by Karl Fischer titration 

Ultraviolet absorbance: Optical transparency is not controlled. Typical 
ultraviolet absorption spectrum is shown for information only. 

Refractive index: 1.3650 + 0.0050 at 20°C 

Boiling range: 30-60°C 

Residue: Less than one mg/l 

Purity: Greater than 99% total pentane and hexane isomers by gc analysis 

Electron capture gc: No residue peaks greater than 10 ng/l as heptachlor epoxide. 


Table 16.71: beta-Phenethylamine (61) 


SPECIFICATIONS 


Packed under nitrogen 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

285 1.000 

300 0.300 

325 0.100 

350 0.050 

400 0.005 


Purity: Greater than 98% by ge analysis 
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Table 16.72: 2-Propanol (56) 


Typical Ultraviolet Spectrum 


Physical Data 


Eluotropic 
Value, (E ) (on Sitica): 


Polarity index (P ): 
Viscosity (cP, 25°C): 
Density (g/mi): 
Boiling Point { C): 


Percent Water 
Soluble in Solvent: Miscible 


Refractive Index (25 C} 1.384 


250 0 
Wavelength (ММ! 





Table 16.73: n-Propyl Alcohol (61) 


SPECIFICATIONS | 

Water: Less than 0.05% by Karl Fischer titration 

Ultraviolet absorbance: | Maximum 

Wavelength, nm Absorbance 

210 1.000 
225 0.500 
250 0.050 
300 0.005 
400 0.005 


Refractive index: 1.3849 + 0.0008 at 20°C 
Bolling range: 97-98°С 

Residue: Less than three mg/l 

Purity: Greater than 99.5% by gc analysis 


Table 16.74: Propylene Carbonate (61) 


SPECIFICATIONS 
Water: Less than 0.04% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

280 1.000 

300 0.500 

350 0.050 

375 0.030 

400 0.020 


Refractive index: 1.4212 + 0.0008 at 20°C 
Residue: Less than five mg/l 
Purity: Greater than 99% by ge analysis 


932 Industrial Solvents Handbook 


Table 16.75: Pyridine (56)(61) 


Typical Ultraviolet Spectrum 


250 300 
Wavelength {NM} 


SPECIFICATIONS (67) 


Packed under nitrogen 





Physica! Data 


Eluotropic 
Value, (E°) (on Silica}: 0.55 


Polarity index (P^); 53 
Viscosity (cP, 25°C): 0.88 
Density (g/ml): 0.98 
Bolling Point (°C): 115“ 


Percent Water 
Soluble in Solvent: Miscible 


Refractive Index (25^C): 1.507 


Water: Less than 0.05% by Karl Fischer titration 


Primary and secondary amines by ninhydrin test: 
Refractive index: 1.5093 + 0.0008 at 20°C 


Boiling range: 115-116°C 
Residue: Less than two mg/l 


Purity: Greater than 99.8% by ge analysis 


Table 16.76: Tetrahydrofuran (56) (61) 


Typical Ultraviolet Spectrum 


750 


309 
Wavelength. (NM! 





Less than 10 ppm 


Physical Data 


Eluotropic 
Value, (£^) (оп Silica): 


Polarity Index (P`): 
Viscosity (cP, 25°C): 
Density (g/ml): 
Boiling Point (°C): 


Percent Water 
Soluble In Solvent: Miscible 


Retrective index (25°C): 1.405 


(continued) 


Table 16.76: (continued) 


TETRAHYDROFURAN NON-SPECTRO (61) 


SPECIFICATIONS 

Packed under nitrogen 

Preservative: 250 mg/l butylated hydroxytoluene. 

Water: Less than 0.03% by Karl Fischer titration 

Ultraviolet absorbance: Optical transparency is not controlled. 
photometric applications use Tetrahydrofuran UV. 

Refractive index: 1.4070 + 0.0005 at 20°C 

Boiling range: 66-67°C 

Purity: Greater than 99.9% by ge analysis | 

Peroxides: Less than two тр/1 а5 НО, at time of packaging 


TETRAHYDROFURAN UV (61) 


Packed under nitrogen 
Water: Less than 0.03% by Karl Fischer titration 
Ultraviolet absorbance: 


HPLC and UV Data — 933 


For spectro- 


Maximum 
Wavelength, nm 
212 1.000 
250 0.180 
300 0.020 
350 0.005 
400 0.005 


Refractive index: 1.4070 + 0.0005 at 20°C 

Boiling range: 66-67°С 

Residue: Less than one mg/l 

Purity: Greater than 99.9% by gc analysis 

Peroxides: Less than two mg/l as H50, at time of packaging 


Table 16.77: Toluene (56)(61) 


Typical Ultraviolet Spectrum 


Physical Data 


Eluotropic 


Value, (£^?) (on Silicay: O. 
Polarity index (Р): 2. 


Viecosity (cP, 25°C): 0. 


22 


4 


55 


Density (g/ml): 0.867 


Boillng Point (^C): 110* 


Percent Water 


Soluble in Solvent: 0.04696 


Refractive tndex (25°C): 1.494 





(continued) 
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Table 16.77: (continued) 


IFICATIONS (61) 
Water: Less than 0.03% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

284 1.000 

300 0.120 

325 0.020 

350 0.005 

400 0.005 


Refractive index: 1.4967 + 0.0004 at 20°C 

Boiling range: 110-111°C 

Residue: Less than one mg/l 

Benzene: Less than 500 mg/l 

Purity: Greater than 99.8% by gc analysis 

Electron capture gc: No residue peak greater than 4 ug/l as heptachlor epoxide. 


Table 16.78: 1,2,4- Trichtlorobenzene (56) (61) 


Typical Ultraviolet Spectrum 
Physical Data 


Eluotropic 
Value, (E°) (on Silica): N/A 


Polarity index (P’): N/A 


Viscosity (cP, 26°C): N/A 


Density (g/ml): 1.45 
Bolling Point (°С): 215“ 


Percent Water 
Soluble In Solvent: 0.02% 


Refractive index (26°C): 1.572 





SPECIFICATIONS (67) 
Water: Less than 0.01% by Karl Fischer titration 
Ultraviolet absorbance: 


Maximum 
Wavelength, nm Absorbance 
308 1.000 
310 0.500 
350 0.050 
375 0.010 
400 0.005 


Refractive index: 1.5716 + 0.0005 at 20°C 

Purity: Greater than 98.0% by ge analysis 

Particulate matter: Filtered through a 0.5 micron filter 
Residue: Less than 10 mg/l 
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Table 16.79: Trichloroethylene (61) 


Preservative:  1,2-Butylene oxide 
Water: Less than 0.02$ by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

273 1.000 

300 0.100 

325 0.080 

350 0.060 

400 0.060 


Refractive index: 1.4767 + 0.0008 at 20°C 
Boiling range: 86-87°C 

Residue: Less than one mg/l 

Acidity: Not detectable (limit one mg/l as HCl) 
Chloride: Not detectable (limit 10 mg/1) 
Purity: Greater than 99% by gc analysis 


Table 16.80: 1,1,2-Trichlorotrifluoroethane (56) (67) 


Typical Ultraviolet Spectrum 


Physical Data 


Eluotropic 
Vaiue, (£°) (on Silica): 


Polarity Index (Р ): 
Viscosity (cP, 25°C): 
Density (g/ml): 
Boiling Point ( C): 


Percent Water 
Solubie in Solvent: N/A 


Refractive index (25°C): 1267 





SPECIFICATIONS (67) 
Water: Less than 0.01% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

231 1.000 

250 0.050 

300 0.005 

350 0.005 

400 0.005 


Refractive index: 1.3583 + 0.0003 at 20°C 

Boiling range: 47-48°C 

Residue: Less than one mg/l 

Acidity: Not detectable (limit one mg/l as HCl) 

Chloride: Not detectable (limit 10 mg/l) 

Purity: Greater than 99.5% by gc analysis 

Infrared absorbance: C-H free. Shows no extraneous absorbance bands in the 
3.1-3.6 micron range when observed in a 25mm path length liquid cell. 


936 Industrial Solvents Handbook 


Table 16.81: Trifluoroacetic Acid (56) (61) 


Typical Actual Lot Chromatogram 


Gradient Test Conditions Physical Data 


Column: BAKERBOND" Wide-Pore C,. 46 a Eluotropic 

250mm, preconditioned with 30-mL of 1". Value, (£ ) (on Silica): N/A 

(V/V) TEA in acetonitrile ” 
Mobile Phase: А а 01% TFA т НО 

В = 01% TFA in СНОМ Polarity index (P ): N/A 

Gradient: 100°%A > 100" ,B. 40.min 
Flow Rate: mL/min 
Detection: UV « 215. 0.64 аш!5 Viscosity (cP, 25 C): МА 
Sample Enrichment: 30mL appiied at 1-mi ‘min 


Density (g/ml): 1.535 


Boiling Point ( C): 724 


Percent Water 
Soluble in Solvent: Miscible 


Refractive Index (25 C): N/A 


SPECIFICATIONS (67) 
Water: Less than 0.05% 


Ultraviolet absorbance (0.1% solution in water): 


Wavelength, nm 
210 
230 
250 
300 
Purity: Greater than 99.9% by titration 


Table 16.82: Trimethylpentane (56) 


Typical Ultraviolet Spectrum : 
Physical Data 


Eluotropic 
Value, (£~) (on Silica): 


Polarity index (Р): 
Viecosity (cP, 25°C): 
Density (g/ml): 
Bolling Point (°C): 


Percent Water 





1.000 
0.150 
0.010 
0.005 


Soluble in Solvent: 0.011% 


Refractive Index (25°C): 1389 


350 


300 
Wavelength (NM) 
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Table 16.83: Water (56) (67) 


Physical Data 

Eluotropic 

WATER, HPLC Маше, (Е") (on Silica): >073 
nm 


Typical Actual Lot Chromatogram 


100% певні йо 
ACETONITRILE, Polarity Index (P ): 102 
Omtermned using a Beckman’ iC System Beckman | 

163 UV detector at 254 rn. 0 02 auia 4 & mmi D. X 24cm 

BAKERBOND Ciy Column, moode phase. inesi gekent 

"от tOO% water 10 100% acetonide ві є cata of S9» per Viscosity (cP, 25°C): 0.89 
minut, "aw tele 2 O mi pe: menule pressure ЈООО го 5000 

ры. 40- пы ватот епнсттет! ај 2 0 mi per mule 


Density (g/ml): 1.00 
Bolling Point (°C): 


Percent Water 
Soluble in Soivent: МА 


Refractive {ndex (25°C): 1333 


20 minutes 





HIGH PURITY WATER (67) 


SPECIFICATIONS 
Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

190 0.010 
200 0.010 
250 0.005 
300 0.005 
400 0.005 


Refractive index: 1.3330 + 0.0010 at 20°C 

Residue: Less than one mg/l 

Purity by liquid chromatography: No UV absorbing peak greater than 0.001 
absorbance unit (1 cm path length) at 254 nm, or 0.005 absorbance unit at 
205 nm in a gradient from 100% water to 100% acetonitrile on a 15 x 0.46 cm 
C-18 column with 5 uM packing after an initial loading of 20 mL water. No 
fluorescent peak greater than that equivalent to 20 pg of benzo(a)pyrene 
under the above conditions using 350 nm excitation, 450 nm emission. 


Table 16.84: ortho-Xylene (61) 


CIFICATIONS 


Water: Less than 0.02% by Karl Fischer titration 


Ultraviolet absorbance: Maximum 
Wavelength, nm Absorbance 

288 1.000 

300 0.200 

325 0.050 

350 0.010 

400 0.005 


Refractive index: 1.5050 + 0.0010 at 20°C 

Boiling range: 144-145°C 

Residue: Less than five mg/l 

Purity: Greater than 95.0% o-xylene and 99.0% xylenes by gc analysis 


Appendix—Comparative Data for Various Solvents 


Physical Properties of Some Selected Solvents (70) 


Mol. : Refract. Meltin - Boiling Ощес. List 

Name Wt. Density Temp. Index Point" Pressure Point Constant No. 

WATER 18.02 0.9971 25.0 1,3329 0-0 760. 100.9 78.54 1 
ME THANOL 32.04 5.7866 25.0 1.3265 -97.7 0. 64.7 32.70 2 
ACETONITKILE 41.05 0.7766 25.0 1,3416 “43.8 0. 81.5 37 „50 3 
ETHYLENIMINE 43.07 9.8320 25.0 1.4123 -78.0 9» 57. 18.30 4 
ACETALDEHYDE 44.05 0.7780 20.0 1.3311 -123.0 9. 20.4 21.10 5 
FORMAMIDE 45.04 1.1334 - 20,0 1.4475 2.6 0. 210.5 109,00 6 
FORMIC ALID 46.03 1.2141 25.0 1.3694 8.3 0. 150.6 58.50 7 
ETHANOL 46.07 0,7850 25.0 1.3594 -11“.1 0. 78.3 24.55 8 
ACRYLONITRILE 53.06 0.800“ 25.0 1.3888 -83.6 0. 77.3 33.00 9 
1» 2-БОТАЏЈТЕМЕ 54.09 0.6760 1.0 1.4205 -136.3 0. 10.9 0.0 10 
2-BUT YNE 54.09 0.6910 20.0 1.3921 =32.3 760. 27.0 0.0 11 
PROP IONI i RILE 55.08 0.7818 20.0 1.3681 -92.8 0. 97.4 27.20 12 
PROPIONITRILE 55.08 0.7768 25.0 1.3636 =92.8 0. 97.4 27.20 13 
ACROLEIN 56.06 0.8389 20.0 1.9017 -87.0 0. 52.7 0.0 14 
PROPARGYL ALCOHOL 56.06 04.9450 25.0 1.4300 -51.8 0. 113.6 24.50 15 
ALLYLAMINe 57,10 6. 7629 20.0 1.4205 -88.2 0. 53.3 0.0 16 
АСЕТОМЕ 58.05 0.7900 20.0 1.3587 „94,7 0. 56.3 20.70 17 
ACETONE 58.08 0.7844 25.0 1.3560 “94,7 0. 56.3 20.70 18 
АҮ АС СОНО 58.08 0.8540 20.0 1.4135 "129.0 0. 97.0 0.0 19 
2-PROPENL=1-0L 58.08 2,842] 30.0 1,4090 -129.0 0. 97,1 21.60 20 
PROP LONAL DEHYDE 58.08 0.7912 25.0 1.3593 “80.0 0. 48.0 18.59 21 
PROPYLENE OXIDE 58,08 0.8287 20.0 1.3660 -111.9 0. 33.9 0.0 22 
N=ME FORMAMIDE 59.07 0.9988 25.0 1.4300 -3.8 0. 182.5 142.40 23 
ISOPROPYLAMINE 59,1] 0.06821 25,0 1,3711 -95.2 0. 32.4 5.45 24 
N-PROPYLAMINE 59.11 0.7173 20.0 1.3882 -830 0, 48.5 5.31 25 
АСЕТІС АСІО 60.05 1.0492 20.0 1.3719 16.7 0. 117,9 6.15 26 
METHYL FURMATE 60.05 0.9742 20.0 1.3433 99.0 0. 31,5 8.50 ет 
ETHYLENE DLAMINE 60.10 0.8859 30.0 1.4513 11.3 0. 117.3 12.90 28 
PROPANOL-1 60.10 0.6038 20.0 1.3856 -126.2 0. 97.2 20.33 29 
PROP ANOL-1 60.10 0.7998 25.0 1.3837 -126.2 0. 97.2 20.33 30 
PROPANOL -2 60.10 0.7854 20.0 1.3772 -88.0 0. 82.3 19.92 31 
NI TROME THANE 61.04 1.1312 25.0 1.3796 =28.5 0. 101.2 35.87 32 
2-АМ | МОЕ ГНАМО 61.08 1.0116 25.0 1.4521 10.5 0. 170.0 37.72 33 
1„2-ЕТНАНЕОТО 62.07 1.1135 20.0 1.9318 -13.2 0. 197.3 37.70 34 
ETHANETHIOL 62.13 0.8391 20.0 1,4311 -144.4 760. 35.) 0.0 35 
ME THYLSULF IDE 63.13 9.8423 25.0 1.4323 ~98.3 Oe 37.3 6.20 36 
CHLOKOE THANE 64.52 0.9039 20.0 1.3790 -126.4 0. 12.3 9.45 37 
3-BU^ENENITRILE 67.09 0.8329 20.0 1.4060 -8%.0 760. 119.0 0.0 JA 
TRANS-CROTONONITRILE 67.09 0.8239 20.0 1,4225 91.5 760. 120-5 0.0 39 
ME THYLACRKYLONI TRILE 67.09 0.8001 20.0 1,4007 -35.8 0. 90.3 0.0 40 
PYRROLE 67.09 2.9699 21.0 1.5002 223.4 0. 129.8 8.13 “1 
FURAN 68.08 0.9378 20.0 1.4214 0.0 б, 31.4 2.94% чё 
1. 3-РЕМТАО ТЕМЕ 68.1] 0.6830 9.0 1.4280 9.0 0. 41.8 9.0 43 
ISOPRENE 68.13 0.6810 20.0 1,4219 -1%46.0 760. 34.0 2.10 44 
1», 2-РЕМТАО ТЕМЕ 68.13 0.6926 20.0 1.4209 -137.3 760. 44.9 0.0 45 
1,4-РЕМТАОТЕМЕ 68.13 0.6608 20.0 1.3888 -148.3 1760. 0.0 0.0 46 
2.3-РЕМТАОІЕМЕ 68.13 0.6950 20.0 1.44284 -125.7 760. 48.3 0.0 47 
BUTYRONITRILE 69.11 0.7954 15.0 1,3860 -111.9 0. 117.9 20.30 48 
BUTYRONITRILE 69.11 0.7865 25.0 1,3820 -111.9 0. 117.9 20.30 49 
ISOBUTYRONITRILE 69.11 ve 7656 25.0 1.3712 “71.5 0. 103.9 20.%0 50 
PROPYNOIC АСТО 70.05 1.1380 20.0 1.4306 18.0 0. 144.0 0.0 51 
CROTONALUEHYDE 70.09 0.8516 20.0 1.4373 “76.5 д. 104.1 0.0 S2 
CYCLOPENT ANE 70.13 2.7454 0.0 1.4065 293.8 0. 49.3 1.96 53 
1-РЕМТЕМЕ 70.13 0.6405 20.0 1,3715 -165.2 0. 30.9 2.02 54 
2-РЕЧТЕМЕ 70.13 0.6545 20.0 1.3798 -138.0 0. 36.7 0.0 55 
CIS-2-PENTENE 70.13 0.6556 20.0 1,3830 -151.% Oe 36.9 0.0 56 
TRANS=2-PENTENE 70.13 026482 20.0 1.3793 -140.2 0. 36.% 9.0 67 
2-METHYL-1-8UTENE 70.14 0,6504 20.0 1.3378 -137.6 1760. 31.2 2.20 58 
2-МЕТНУ| -2-ВИТЕМЧЕ 70,14 232.6623 20.0 1.3874 -133.8 760, 38.6 0.0 59 
2-CYANOETHANOL 71.08 1.0404 25.0 0.0 -46.0 0. 220.0 0.0 60 
3-HYOROXY PROPIONITRILE 71.08 1.0588 20.0 1,4240 0.0 760. 230.0 0.0 61 
LACTONITRILE 71.08 0.9877 20.0 1.4058 “40.0 0. 183.0 0.0 62 
PYRROLIDINE 71.12 9.8520 22.0 1.4270 0.0 0. 88.7 9.0 63 
ACRYLIC ACIO 72.06 1.0511 20.0 1.4224 13.5 0. 11.2 0.0 64 
PROP LOLAL TONE 72.06 1.1460 20.0 1.4131 233.4 0. 155.0 0.0 65 
ALLYL METHYL ETHER 72.11 007610 25.0 1.3786 0.0 0. 41.5 6.0 66 
2-BUTANONE 72.11 0.8049 20.0 1.3788 „06.7 0. 79.6 18.51 67 
2-ВИТАМОЧЕ 72.11 9.7997 25.0 1.3764 2864.7 0. 79.6 18,52 68 
2e-BUTENEOL-1 (CIS) 72.11 2.8540 20.0 1.4342 -09,4 1760. 123.6 9.0 69 
1, 2-ВИТТ ЕМЕ ОХТОЕ 72.11 0.8297 20.0 1.3840 -150.0 0. 63.2 G.0 70 
BUTYRALOLHYDE 72.11 0.8016 20.0 1.3791 -96.% 0. 74.5 13.40 71 
150-виТутнАГОЕНнУОЕ 72.11 0.7891 20.0 1,3727 -€5.0 0. 64.1 0.0 72 
E€THYLVINYC ETHER 72.11 0,7531 20.0 1.3754  -115е8 0. 35.7 0.0 73 
METHALLYL ALCOHOL 72.11 9.8578 19.0 1.4255 0.0 0. 11%.5 0.0 7% 
TETRAHYOHOF URAN 72.11 0.48892 20.0 1.4050 -108.5 0. 66.0 7.58 75 
ТЕТВАНУОКОЕЏНАМ, 72.11 32348811 295.0 1.4050 -108.5 0. 66.0 7.5а 76 
1%2-ЕРОХҮ-2-МЕ РКОРАМЕ 72.12 0.8650 0.0 1.3712 0.0 760. 52.3 0.0 77 
2,2- ОТМЕ! ЧУ РВОРАМЕ 72.15 9.6135 20.0 1.3476 “20.0 0. 9.5 0.0 78 
2-МЕТНҮ( BUTANE 72,15 0.6197 0.0 1.3537 -159.9 0. 27.9 1.84 79 
РЕМТАМЕ 72.15 0.6262 20.0 1,3579 -129.7 0, 36.1 0.0 80 
NN-DIMETHYLFORMAMIOE 73.10 0.9440 25.0 1.4282 -60.4 760. 153.0 36.71 81 
METHYL ISOTHIOCYANATE 73.12 1.0691 37.0 1.5258 36.0 758. 119.0 0.0 82 
METHYL THIOCYANATE 73:12 1.0678 25.0 1.4669 -5.1 757. 132.9 9.0 83 
ФЕС-НЏТУС AMINE (О) 73.14 0.7240 20.0 1.3440 -104.5 0. 63.0 0.0 84 
SEC-cUTYL AMINE (OL) 73.14 0.7271 17.0 1.3950 -72.0 772. 67.0 0.0 85 


Note: Missing dato is indicated by 0, 0., or 0.0. 
(continued) 
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Мапе 


N-BUTYLAM INE 
SEC-BUTYLAMINE 
OIETHYLAMINE 
ISOBUTYL AMINE 
TERT-BUTYLAMINE 
OIOXOLANEC 

ETHYL FOKMATE 
HYOROXY ACETONE 
3-HYUROXYPROPYLENEOXIDE 
METHYL ACETATE 
PROPANOIC ACIO 

l -BUTANOL 

l -BUTANOL 

2-BUTANOL 

OIETHYL cTHER 

ETHYL ETnER 
2-METHYL-1-PROPANOL 
2-METHYL-2-PROPANOL 
METHYL PRUPYL ЕТЧЕВ 
TERT BUTYL ALCOHOL 
le 2-PROPANEDI AMINE 
NITROETHANE 
]-AMINO-cC-PROPANOL 
3-AMINO-c-PROPANUL 
2-ME THOX YE THANOL 

ME THYLAL 
1,2-РКОРАМЕОЇТО1 

1» 3~PROPANEOIOL 
CARBON OlSULFTOE 
1=<PROPANt THIOL 
2-РНОРАМ- THIOL 

3- CHLORO"FROPENE 
CIS-"ROPENYL CHLORIDE 
TRANS-PROPENYL CHLOH]OE 
BENZENE 

BENZENE 
OIMETHYLSULFOx IOE 
ETHANOL - 1 - TH10L -2 
ACETYL CHLORIDE 

] - CHL ORO"ROP ANE 
2-CHLOROPROPANE 
2=-CHLOROPROP ANE 
PYRIDINE 

PYRIDAZINE 
PYRIMIO[NEC 
2-CHLOROELTHANOL 
)-METHYL PYRROLE 
]-METHYL iMIOAZOLE 
CYCLORHEAENE 
)»5-nEXAUIENE | 
N-ME-ALANÍNE NITRILE 
VALERONITRILE 
CYCLUPENT ANONE 
THIOPHENE 
CYCLOHEXANE 
CYCLOHEXANE 

] -HEXENE 

METHYL CYCLOPENTANE 
DICHLOROME THANE 
ACETONE CYANOHYORIN 
2-PYRROL [DINONE 

‚ РРРЕКТО1МЕ 

ALLYL FOrMATE 
CIS-2-BUTENOIC АС10 
BUTYKOLAL TONE 
METHACRYLIC ACIO 
METHYL ALRYLATE 
VINYL ACETATE 

ALLYL ETNYL ETHER 
2-PE NTANUNE 
3=PE NT ANUNE 

] -PENTENt -3-0L 
TETRAHYDHROP YRAN 
TRI-ME ACETALDEHYOE 
VALEXALDL HYDE 
2e2°UI METHYL BUTANE 
2» 3-OIMETHYL BUTANE 
HEXANE 

НЕХАЧЕ 

2=-METHYL РЕМТАМЕ 
3eMETHYL PENTANE 
N«N-DIMEACETAHMIOE 

, N-ME£ PROPIONAMIOE 

. MORPHOL INE 

: ETHYL ISUTHIOCYANATE 


Mol. 
Wt. 


73.14 
73.14 
73.14 
73.14 
73.14 
74.08 
74.08 
74.08 
74.08 
74.08 
74.08 
74.12 
78.12 
78.12 
78.12 
78.12 
78.12 
74.12 
78.12 
74.12 
76.13 
75.07 
75.11 
75.11 
76.10 
76.10 
16.16 
76.10 
ТЬ. 14 
76.17 
76.17 
76.52 
76.53 
76.53 
78.12 
78.12 
78.13 
78.13 
78.56 
78.54 
78.54 
78.54 
79.10 
80.09 
80.09 
80.42 
81.11 
82.10 
82.15 
82,15 
33.11 
83.13 
84.11 
84.14 
34.16 
84.16 
84.16 
84.16 
84.93 
85.11 
85.11 
85.15 
86.69 
86.09 
86.09 
86.09 
86.09 
86.09 
86.13 
86.13 
86.13 
86.13 
86.13 
86,13 
86.13 
86.17 
86.17 
86.17 
85.17 
86.17 
86.17 
87.12 
87.12 
87.12 


87.14 


Appendix—Comparative Data for Various Solvents 


Density 


0.7346 
1.7246 
0.7070 
).7346 
9.5958 
1»0600 
2.9289 
1.0824 
1.1110 
0.9342 
0. 9880 
0,8097 
9.8060 


0.5026. 


0.7138 
0.7076 
2.7978 
9.7808 
0.7380 
9.7887 
2.858% 
1.0446 
3.9730 
049824 
99602 
0,8665 
1-9362 


1.0538 . 


1.2709 
0.8411 
9.8143 
9e 9442 
0.9347 
0.9350 
0.8790 
9.8737 
1.0958 
1.1143 
1.1050 
0.8909 
9.8617 
0.543] 
0.9782 
1.1035 
0.0 

1.2019 
909145 
1.6325 
0.6061 
0.6923 
0 „8992 
9.7950 
0.9509 
120649 
0.7766 
2.7739 
0.6685 
$. 7489 
1.3148 
0.9320 
1.1070 
0.6616 
0.9498 
1.0267 


121254 


1.0153 
0.9547 
3.9312 
0.7597 
2.812% 
0.8095 
0.5395 
3.8772 
9.7927 
0.8095 
0.6492 
0.6616 
0.6548 
9.6594 
0.6532 
9.6643 
0.9366 
9.9305 
1.0050 
0.9990 


22.0 


25.0 


20.0 


20.0 


25.0 


20.0 


25.0 


18.0 


ллосолоо 


оэоооооооо 


м һу гу тш 
oul 


Refract. 
Index 


1, 3987 
1.3934 
1.3854 
1.3972 
1.3761 
1.3974 
1.3625 
1 „4295 
1.4350 
1.3614 
1.3993 
1,3973 
1.3950 
1.3526 
1 „3495 
1.3939 
1.3878 
1,3579 
1.3878 
1.4492 
1.3897 
1.4500 
1,4570 
1.4002 
1.3563 
1.4329 
1.4396 
1.6319 
1.4380 
1.4255 
1.4181 
1.4055 
1,5011 
1.4979 
1.4773 
1,4996 
1,3898 
1.3879 
1.3777 
1.3711 
1.5075 
1,5231 
0.0 

1.4438 
1.4899 
1.4924 
1.4436 
1.4044 
1.4312 
1.3951 
1.9366 
1.5289 
1.4262 
1.4235 
1.3850 
1.4096 
1.4211 
1 „3996 
1.4860 
1.4525 
1,3980 
1.4483 
1,4348 
1.4314 
1.4117 
1.3959 
1.3861 
1,3895 
1.3900 
1.4183 
1.4195 
1.3791 
1. 3944 
1.3687 
1.3749 
1.3723 
1.3749 
1.3714 
1.3765 
1.4356 
1.4345 
1.4573 
1.5130 


Melting Pressure 


Point 


-49.| 
0.0 
„49,8 
„84.6 
-72.7 
-95.0 
-79.% 
-17.0 
0.0 
-98.1 
-20.7 
~88.6 
-88.6 
-11%.7 
-116.2 
-116.3 
-108.0 
25.5 
9.0 
25.5 
9.0 
-89.5 
-1.0 
11.0 
„85,1 
2105.2 
“60.0 
“26.7 
-111.6 
-113.3 
-130.5 
2134.5 
2134.8 
299,0 
5.5 
5.5 
18.5 
9.0 
2112.0 
=12с.8 
=117.2 
2117.2 
41,6 
-8 0 
22•90 
“67,5 
0.0 
6,0 
-103.5 
<-141.0 
0.0 
-96.2 
-51.3 
-38.2 
6.6 
6.6 
-139.8 
-142.4 
-95.1 
”190.0 
25.0 
-10,5 
0.0 
15.5 
-43 5 
15.0 
«75,0 
-92.8 
64.0 
“77,8 
- 39.0 
0.0 
-45.0 
6.0 
-91.5 
«99.9 
-128.5 
-95 3 
-95.3 
-153.7 
0.0 
-20.0 
-30.9 
-3.1 
-5.9 


0. 
0, 
0. 
9. 
0. 
765. 
9. 
9. 
0. 
0. 
0. 
0. 
0. 
0. 


760. 


0. 
0. 
0. 
760. 
0. 
760. 
0. 
750. 
756. 
0. 
0. 
0. 
0. 
0. 
760. 
760. 
0. 
760. 
760. 
0. 
0. 
Qe 
13. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
748, 
0. 
0. 
0. 
22. 
0. 
0. 
0. 
0. 
0. 
0. 
Qe 
0. 
0. 
0. 
0. 
0. 
760. 
760. 
769. 
о. 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
760. 


Note: Missing data is indicated by 0, 0., or 0.0. 


Boiling Dielec. List 


Point Constant Мо. 
77.4 4.88 86. 
62.5 0.0 87 
55.5 3.58 88 
67.7 4.43 89 
44.4 0.0 90 
78.0 0.0 91 
54.1 7,16 92 
145,5 0.0 . 93 
166.5 0.0 94 - 
56.3 6.68 . 95 
140.3 3.44 96 


117.7 17.51 97 
117.7 17.51 98 
99.6 16.56 99 


34.5 4.34 100 
34.5 4.34 101 
107.7 17.93 102 
82.2 1.77 103 
38.9 0.0 10% 
82.2 1.77 195 
120.5 0.0 106 
114.1 28.06 107 
160.9 0.0 108 
187.0 0.0 109 
124.6 16.93 119 
42.3 2.65 111 
187.6 32.00 112 
214.4 35.00 113 
46.2 2.64 114 
67,5 0.0 115 
52.6 0.0 116 
5,1 8.26 117 
32.8 0.0 118 
37.% 0.0 119 
80.1 2.28 120 
80,1 2.28 121 
189. 4, 46.68 122 
55,0 0.0 123 
51.5 15.00 124 
46,06 7.70 125 
35.7 9.02 126 
35.7 9.82 127 
115.3 12.40 128 
208.9 0.0 129 
123.7 0.0 130 
128.6 25.80 131 
114.5 0,0 132 
198.0 0.0 133 
83.0 2.22 13% 
60.0 0.0 135 
82.0 0.0 136 
141.3 19.71 137 
130.7 0.0 138 
84.2 2.71 139 
80.7 2.02 140 
80.7 2.02 141 
63.5 2.05 142 
72.1 1.98 143 
39.8 8.93 144 
вг.0 0.0 145 
245.0 0.0 146 
106.4 5.80 147 
83.0 0.0 148 
169.3 0.0 149 
204.6 39.00 150 
160.5 0.0 151 
80.2 0.0 162 
72.5 0.0 153 

0.0 0.0 134 
102,0 0.0 155 
102.0 17.00 156 
115.0 0.0 157 
88.0 5.61 158 
75.0 0.0 159 
102.5 10.00 160 
49,7 9.0 161 
67.9 0.0 162 
68.7 1.89 163 
68.7 1.80 16% 
60.3. 0.0 165 
63.3 0.0 166 
166.1 37.78 167 
148.9 172.20 168 
128.9 7.42 169 
131.5 0.0 170 
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Industrial Solvents Handbook 


Name 


1-AMINOPENT ANE 
ETHYLENE CARBONATE 
PYRROL INC 

PyRUVIC ACIO 

ALDOL 
CIS-2-BUÍENE-14-UIOL 
TRN-2-BUTENE- 14-UIOL 
в ту“ 1 С ACIU 

ls 3-0IOXAMNE 
P-DIOXANC 

ETHYL ACETATE 

ETHYL ACETATE 
ІЗОВУТУВІС АСІО 

ME THYLPRUP IONATE 
PROPYL FURMATE 
VALEKONITRILE 
ETHYL-N-"HOPYL ETHER 
2-METHYL-1-8UTANOL 
3-METHYL 7 1-BUTANUL 
2-METHYL ~2=-BUT ANUL 
J-METHYL - 2-BUTANOL 
METHYL-N-BUTYL ETHEK 
] -PENTANOL 
2-PENTANUL 
3-PENTANUL 
TETRAHYOROTHIOPHENE 
] -NITROPROPANE 
2-МІТРОРНОРАМЕ 
2-AMINO-1-8UTANOL 
3-AMINO- 2-BUTANOL 
DIMETHYL ETHANOL AMINE 
2-E THYLAMINOE THANOL 
3-CHLOROPROPIONITRILE 
DIMETHYL CARBONATE 
САСТ1С АС1О OL 
МЕТНОХУАСЕТТС ACID 
METHYL GLYCOLATE 

Le 2~BUTANEDIOL 
1*3-8UTA*SEDIOL 

1 +4-BUTANEDIOL 

2» 3-BUTANEDIOL 
1»2-0I MET HOXYETHANE 
2-E THOXYETHANOL 

1 -МЕТНОА УРНОРАМОГ =2 
] -METHOAYPROP ANOL -2 
1 -BUTANE THIOL 

ETHYL SULFIDE 
CIS-1-CL-1-8UTENE. 
TRANS-1-CL- 1- BUTENE 
e - CHLORO- 1 -BUTENE 
3-CHLORO- 1 -BUTENE 
4-CHLORO- 1-BUTENE 
CiS-1-CL-2-BUTENE 
TRANS-1-CL -22-8UTENE 
CIS-2-CL-c-8UTENE 
TRANS-2-UL - 2- SUTENE 
]-CL-2-ME-PROPENE- 1 
3-CL 7-2-MC -PROPENE- 1 
e -NITROETHANOL -1 
1.2» 3=РКОРАМЕТВ ТО 
TOLUENE 

TOLUENE 

CHLOROACE TONE 
EPICHLOROHYORIN 
TERT-BUTTL CHLORIOE 
] -CHLOROGUTANE 
2-CHLOROGSUTANE 
]-CL-2-METHYLPROPANE 
2-CL-2-Mt THYLPROP ANE 
ANILINE 
2-METHYLPYRIOINE 
3-METHYLFYRIOINE 
GLUTARONLTRILE 
PHENUL 

1; 2-UIHYU&OTOLUENE 

1 CHLORO- 2-PROPANOL 
3- CHLORO- 1 -PROPANOL 
PYRROLE-2-CAR&GOXALDEHYOE 
2e«S-0IME-PYRROLE 

| -ETHYL-PYRROLE 


| J4-PYRONE 


e-FUHRALOEHYOE 


. FLUO&OBE NZENE 


2» S-UIMETHYL FURMAN 


. 4 4-HEPTADIENE 


Mol. 
Wt. 


87.17 
83.06 
88.66 
88.06 
88.10 
88,11 
88.11 
88.11 
88.11 
88.11 
88.11 
88.11 
88.11 
88,11 
88.11 
88.13 
88.15 
38.15 
88.15 
88.15 
86.15 
88.15 
88.15 
68.15 
38.15 
88.17 
89.16 
89.10 
89.14 
89.14 
89.14 
89.14 
89.53 
90.08 
90.08 
90.08 
90.08 
90.12 
90.12 
90.12 
90.12 
90.12 
90.12 
90.12 
90.12 
90.19 
90.19 
90.55 
90.55 
90.55 
90.55 
90.55 
90.55 
90.55 
90.55 
90.55 
90.55 
90.55 
91.07 
92.16 
92.1% 
92.14 
92.93 
92.53 
92.57 
92.57 
92.57 
92.57 
92.57 
93.13 
93.13 
93.13 
92.12 
94.12 
94.16 
94,54 
94.54 
95.16 
95.14 
95.15 
96.08 
96.09 
96.10 
96.14 


(96.17 


Density 


5.7547 
143208 
1.2272 
1.2272 
1.1030 
1.0740 
1.0665 
3.9532 
1.3042 
1.0280 
0.9006 
2.8946 
2.9682 
0.9151 
0.9111 
0.8034 
97330 
с.8152 
9.8071 
0.8050 
9,8138 
0. 7443 
0.8115 
2.8054 
0.8160 
0.9938 
1.9961 
0.9829 
3.9162 
9.9299 
0.8866 
2,9140 
1.1375 
1.0694 
1.2060 
1.1768 
1.1677 
1.0059 
1,0053 
1.0171 
0.9872 
34.8629 
0.9252 
2.9620 
0.9620 
0.8416 
0.8312 
).9153 
0.9205 
0.9107 
9.8978 
0.9211 
029426 
9.9295 
9.9239 
0.9138 
0.9250 
0.9250 
1.2700 
1.2613 
0.8669 
98623 
1.1500 
1.1807 
0.8%20 
0.8862 
0.8732 
0.8773 
0.8420 
1.0217 
0.9497 
1.9613 
0.9911 
1.0576 
228354 
1.1100 
1 • 1309 
0.0 

9.9353 
0.9009 


1.1900 


1.1598 
1.0309 
8.8883 


0.7384 й 


Temp. 


20.0 
25.0 

0.0 
20.0 
20.0 
20.0 
20.0 
25.0 
20.0 
25.0 
29.0 
25.0 
20.0 
29.0 
15.0 
15.0 

0.0 


“25,0 


25.0 
25.0 
25.0 

0.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
20.0 
25.0 
20.0 
29.0 

9.0 
20.0 
25.0 
20.0 
18.0 
20.0 
20.0 
20.0 
20.0 
20.0 
25.0 
20.0 
20.0 
20.0 
25.0 
15.0 
15.0 
15.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
16.0 
20.0 
15.0 
20.0 
20.0 
25.0 
29.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
15.0 
15.0 
15.0 
41.0 

0.0 
20.0 

0.0 
16.0 
20.0 
20.0 

9.0 
20.0 
15.0 
20.0 

0.0 


Refract. 
Index 


1.4118 
1.4250 
1,4138 
1.4260 
1.4497 
1.4793 
1.4779 
1.3958 
1.4165 
1.4203 
1.3724 
1.3698 
1.3930 
1.3779 
1.3790 
1.3991 
1.3695 
1.4087 
1.4052 
1.4024 
1.4075 
1.3736 
1.4079 
1.4044 
1.4079 
1.5257 
1.3996 
1.3924 
1.4489 
1.4502 
1.4300 
1.4440 
1.4380 
1.3687 
1.4392 
1.4168 
0.0 

1.4375 
1.4410 
1.4460 
1.4306 
1.3796 
1.4057 
1.4070 
1.4070 
1.4429 
1.4402 
1.4225 
1.4115 
1.4149 
1.4233 
1.4390 
1.4350 
1,4240 
1,4190 
1.4221 
1.4270 
1.4438 
1.4746 
1.4969 
1.494) 
0.0 

1.4380 
1.3857 
1.4021 
1.3971 


1.3980 


1.3857 
1.5863 
1.5029 
1,5043 
1.4295 
1.5428 
1.4763 
1.4392 
1.4450 
\.5939 
1.5025 
1.484) 
1.5238 
1.5261 
1,4654 
1.4363 


1.4578 | 


Melting 
Point 


„65,6 
36.4 
13.6 
13.6 
9.0 
11.0 
27.3 
-5.2 
-42.0 
11.3 
-83.9 
-83.9 
„46.1 
„87,5 
„92,9 
“96,2 
“79,0 
270.0 
2117.2 
-8.8 
0-0 
-115.5 
-78.2 

0.0 


9.0. 


“96,2 
~104.0 
91,3 
„0,0 
19.0 


9.0 
-115.7 
-103.9 

9.0 


ооосмоооос«соо 


-11 


оо“г-чооососоо 


Ргеззиге 


745. 
760. 
760, 
0. 
2” 
12. 
760. 
760. 
0. 
0. 
0. 
760. 
760. 
0. 
0. 
0. 
0. 
0. 
760. 
760. 
760. 
766. 
773. 
758. 
752. 
760. 
760. 
775. 
9. 
765. 
0. 
0. 
0. 
0. 
0. 
760. 
9. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
762. 
0. 
0. 
765. 


0. 
742. 
0. 
0. 
760. 
0. 


Note: Missing data is indicated Бу 0, 0., ar 0.0. 


Boiling 
Point 


104.4 
2380 
115.9 
165.9 
79.9 
235. 4 
132.5 
163.3 
105. 
151.3 
77.1 
77.1 
194.7 
78.7 
80.8 
141.3 
63.6 
128.7 
130.5 
192.9 
11145 
71.0 
137.6 
119.9 
115.3 
120.5 
131.2 
120.3 
178,9 
159.5 
134.9 
169.5 
5А, г 
90.5 
119.0 
213,0 
151.1 
193.2 
207.5 
235.0 
181,0 
83.5 
135.6 
114.3 
118.3 
98,4 
92.1 
63.5 
68.0 
58.7 
64.5 
75.0 
84.1 
84,4 
70.6 
628.0 
68.0 
72.0 
194.6 
290.0 
110.€ 
110.6 
119.0 
116.1 
52.0 
78.4 
68.3 
68.8 
50.7 
128.8 
143.5 
286.0 
181.8 
110.9 


126.5 


161.5 
218.0 
171.0 
164.0 
216.9 
161,8 


| B4, 7 
і 93.5 ` 
„108.0 | 


Dielec. 
Constant 


0.0 
39.60 
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List 


No. 


17) 

172 
173 
174 

175 
176 
177 

178 

179 
180 

181 

182 

183 
184 

185 
186 
187 
188 
189 
190 
191 

192 
193 
194 
195 
196 
197 
198 
199 
200 
201 

202 
203 
204 
205 
206 
207 
208 
209 
210 
211 

212 
213 
214 
215 
216 
217 
218 
219 
220 
221 

222 
223 
22% 
225 
226 
227 
228 
229 
230 
231 
232 
233 
23% 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 


251 


252 


253 ` 
254 
2255. 


(continued) 


Мате 


1-НЕРТУМЕ 

le l~U1CHLOROE THYLENE 
CIS-1»2-0ICLETHYLENE 
TRANSI*2UICLETHYLENE 
CAPRONITRILE 
4-MEVALERONITRILE 
FURFURYL ALCOHOL 
2-METHOAY FURAN 
PROPARGYL ACETATE 
PROPARGYL ACETATE 
3,4-0IMETHYL FURAZAN 
ALLYL ACETONE 

ALLYL ETHER 
CYCLOHEXANONE 
MESITYL OXIOE 
2-METHYLTHIOPHENE 
3-METHYLTHIOPHENE 
METHYL CYCLOHEXANE 
1-НЕРТЕМЕ 

le LeU I CHLOROE J HANE 

1 e2-DI CHUUROE THANE 
METHYLCYZNOACETATE 
]-ME-2-PYRROLIOINONE 
]-ME-2-PYROLIDONE 
ALL YLISOF HIOCYANATE 
N-METHYL PIPERIOINE 
CYCLOHEXYLAMINE 

2,% UIME-PYHROLIUINE 
ALLYL ACETATE 

ETHYL AC"YLATE 
METHYLMETHACRYLATE 
0.3 РЕМТАЧЕОТОМЕ 

2.% РЕМТАМЕОІОМЕ 
САММА- МА: ЕНО, АСТОМЕ 
CYCLOHUT~CARBOXYLIC ACID 
BUTYLVINYL ETHER 
CYCLOHEXANOL 
2-НЕХАМОЭ-Е 

ME THYL=T-4HUTYL KETONE 
3-ME-2-PENTANONE 
4-МЕ ну -2-РЕМТАМОМЕ 
НЕРТАМЕ 

НЕРТАМЕ 

г2-МЕТНУ. HEXANE 
3-METHYL HEXANE 
2O»3-UIMETHYL РЕМТАМЕ 
2e4-VIMETHYL PENTANE 
3. 3-OIMETHYL PENTANE 
2.2 ъ J-TRIMETHYLBUTANE 
N=METHYLMUORPHOL INE 
OI ISOPROYYLAMINE 
DIPROPYLAMINE 
TRIETHYLAMINE 

ACETIC ANHYDRIDE 
4-METHYL DIOXOLANE 
BUTYL FORMATE 

ETHYL PRUPIONATE 
ETHYL PRUPIONATE 
ISOBUTYL FORMATE 
ISOPROPYL ACETATE 
ISOVALERIC ACID 
METHYL -N-BUTYRATE 
4-МЕ- 1+ 3-0 [ОХАМЕ 
PROPYL ACETATE 

TETRA H FURFURYL ALC 
VALERIC ACID 

BUTYL ETHYL ETHER 
2-ETHYL~1-BUTANOL 

] -HEXANOL 

ISOPROPYL ETHER 
2-METHYL<2-PENTANOL 
3-METHYL- 2 -PENTANOL 
4 -МЕТНУ| -2-РЕМТАМОС 
3-METHYL - 3-PENTANOL 
PROPYL ETHER 
BENZONITRILE 

METHYL URETHANE 

1l -NITROGUTANE 
DIETHYLENETRIAMINE 
METHYL LACTATE 
STYRENE 
DIETHOXYMETHANE 
N=PROPYL NITRATE 

DIE THANO: AMINE 
BENZALDENYDE 


Note: 


Mol. 
Wt. 


96.17 
96.94 
96.94 
36.94 
97.16 
97.16 
98.10 
98.10 
98.16 
98.16 
98.11 
98.14 
98.15 
98.15 
98.15 
98.17 
94.17 
98.18 
98.19 
96.96 
98.96 
99.09 
99.13 
99.13 
99.16 
39.17 
99.18 
99.18 
100.12 
100.12 
100.12 
100.12 
100.12 
100.12 
100.13 
100.16 
100.16 
100.16 
100.16 
100.16 
100.16 
100.19 
100.19 
100.19 
100.19 
100.21 
100.21 
100.21 
100.21 
101.15 
101.19 
101.19 
101.19 
102.09 
102.09 
102.13 
102.13 
102.13 
102,13 
102.13 
102.13 
102.13 
102.13 
102.13 
102.13 
102.13 
102.18 
102.18 
102.18 
102.18 
102.18 
102.18 
102.18 
102.18 
102.18 
103.12 
103.12 
103.12 
103.17 
104.12 
104.14 
104.15 
105.09 
105.14 
106.12 


Missing data is indicated by 0, 0., or 0.0. 


Density 


0.7338 
1.2132 
1.2837 
1.2547 
0.8052 
97, 7993 
1.1238 
1.0646 
0.9952 
0.9982 
1.0528 
9.8470 
0.8006 
С. 9510 
0.8653 
1.0193 
1.0218 
0. 7694 
6.6970 
1.1680 
1.2458 
1.1225 
1.0279 
1.0279 
1.0126 
0,8159 
0.8671 
0.5297 
0.9280 
0.9234 
0.9433 
0.9565 
5.9721 
1.0520 
1.0599 
0.7727 
0.9684 
0.8116 
0.8016 
0.8181 
0.8008 
0.6836 
0.6795 
6744 
0.6829 
0.6909 
0.6683 
926933 
0.6901 
0.9051 
0.7153 
0.7275 
0.7230 
1.0871 
1.2069 
0.8917 
9.8957 
0.8899 
0.8853 
9.3717 
6.9308 
0.8984 
0.9953 
0.8938 
120420 
0.9345 
3.7448 
9.8295 
0.8159 
0.7182 
0.8350 
0.8235 
0.8075 
0.8237 
0. 7419 
1.0006 
1.0350 
0.9880 
0. 9586 
1.0857 
0.9012 
0.8319 
1.0580 
1.0899 
1.0447 


Appendix—Comparative Data for Various Solvents 


Temp. 


20.0 
29.0 
20.0 
20.0 
20.0 
25.0 
30.0 
25.0 
20.0 
20.0 
14.0 

0.0 
25.0 
25.0 
20.0 
29.0 
29.0 

0.0 
20.0 
25.0 
25.0 
25.0 
25.0 
25.0 
20.0 

0.0 
20.0 
20.0 
20.0 
20.0 
20.0 
19.0 
25.0 
25.0 
20.0 
25.0 
25.0 

9.0 

0.0 
14,0 
20.0 
20.0 
25.0 
25.0 
25.0 
25.0 
25.0 


0.0 


20.0 
20.0 
20.0 
20.9 
25.0 
15.0 
20.0 
20.0 
15.0 
20.0 
20.0 
20.0 
15.0 
20.0 
20.0 
15.0 
25.0 
35.0 
25.0 
25.0 
25.0 
25.0 
16.0 
25.0 
20.0 
20.0 
25.0 
25.0 
15.0 

0.0 
20.0 
26.0 
25.0 
20.0 

0.0 
30.0 
20.0 


Refract. 
Index 


1.4054 
1.4247 
1.4490 
1.4462 
1.4069 
1.4040 
1.4801 
1.4468 
1,4187 
1,4187 
1.4237 
1.4917 
1.4141 
1.4520 
1.4440 
1.5293 
1.5204 
1.4231 
1,3998 
1.4138 
1.442] 
1.4166 
1.4680 
1.4680 
1,5306 
1.4355 
1,4592 
1,4325 
1.4040 
1.4068 
1.4146 
1.4014 
1.4541 
1.4320 
1.4400 
1.3997 
1.4648 
1.4015 
1.3952 
1.4002 
1.3957 
1.3876 
1.3851 
1.3848 
1.3886 
1.3920 
1.381% 
1.3909 
1.3894 
1.4332 
1.3924 
1.4943 
1.3980 
1.3930 
1.4189 
1.3890 
1. 3864 
1.3839 
1.3855 
1.3773 
1.4064 
1.3870 
1.4168 
1.3866 
1.4599 
1.4060 
1.3793 
1.4205 
1.4161 
1.3655 
1.4125 
1.4179 
1.4100 
1.4180 
1.3760 
1.5259 
1.4200 
1.4103 
1,4810 
1.4131 
1.5440 
1.3748 
1.2976 
1.4747 
1.5455 


Melting 
Point 


-81.0 
-122.6 
-80.0 
„49,8 


1 
= 
~ 
с 
е 
е 


-123.2 
-12.8 
9.0 
0.0 
>39. 0 
-66.0 
„30.6 
-665.0 
9.0 
28.0 
-26.0 


Ргеззиге 


760. 
9. 
0. 
9. 
0. 
Ve 
0. 


Boiling 
Point 


100.2 
31.6 
60.6 
47.7 

163,6 

154.0 

170.9 

110.5 

121.5 

121.5 

156,4 

128.) 

0.0 

155.4 

129,8 

112.4 

115,4 
98.2 
93.6 
57.3 
83.5 

205.1 

202.6 
79.0 

152.0 

107.0 

134.8 

116.0 

104.0 
99.5 

100.3 

108.9 

139.0 

206.0 

190.0 
93.8 

161.1 

126.0 

106.9 

118.9 

116.5 
98,4 
9н,а 
90.1 
91,9 
89,8 
80.5 
86.1 
80.9 

115.0 
83.9 

109.2 
89.5 

140.0 

242.0 

106.6 
99.1 
99.1 
98,4 
88,2 

176.5 

102.6 

114,0 

101,5 

178.0 

185.5 
92.2 

145.5 

157.5 
68,3 

121.5 

134.3 

133.5 


‘121.0 


89.6 
191.1 
170.0 
153,0 
297.5 
144.8 
145.2 

88.0 
110.5 
268.4 
178.9 


Dielec. 
Constant 


9.0 
4.60 
9.20 
2.14 
17.26 
15.50 


List 

No. 
256 
257 
258 
259 
260 
261 

262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
27% 
275 
276 
277 
278 
279 
260 
281 
282 
283 
284 
285 
286 
287 
288 
289 
240 
291 
292 
293 
29% 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
згт 
328 
329 
330 
331 

332 
333 
334 
335 
336 
337 
338 
339 
340 


941 
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942 Industrial Solvents Handbook 


Mol. Refract. Melting Раана Boiling Dielec. List 





Name Wt. Density Temp. Index Point Point Constant No. 

DIETHYLENE GLYCOL 106.12 1.1164 20.0 1.4475 -10,5 0. 244.8 31.69 341 
ME THUXYMETHOXYE THANOL 106.12 1.0385 25.0 1.4100 +7060 0. 167.5 0.0 342 
ETHYL BENZENE 106.17 0.8626 25.0 1.4932  -9«4.9 0. 136.2 2.40 343 
O-XYLENE 106.17 0.8759 25.0 1.5029  -25.2 0. 144.4 2.57 344 
M=XYLENE 106.17 0.8599 25.0 1.4946 “47,8 0. 139.1 2.37 345 
P-XYLENE 106.17 0.8611 20.0 1.4958 13.3 0. 138.3 2.27 346 
PeXYLENE 106.17 0.8567 25.0 1.4933 13,3 0, 138.3 2.27 347 
BENZYLAMINE 107.15 0.9813 20.0 1.5402 10.0 770. 185.0 0.0 348 
2.4-=ОТМЕТНУЕ PYRIDINE 107.15 0.9271 25,0 1,4984 . 0.0 0. 159.2 0.0 349 
29S<D IME PYRIDINE 107.15 95.9261 25.0 1.4982 -15.0 9. 156.4 0.0 350 
246-2]ME PYRIDINE 107.15 0.9200 25.0 1.4953 -5.0 0. 143.C 0.0 351 
34S-0[ME PYRIOINE 107.15 0.9385 25.0 1.5032 0.0 0. 171.6 0.0 352 
3,4-U0IME PYRIOINE 107.15 0.9537 25.0 1,5099  -12.0 759. 178.8 0.0 353 
METHYL ANILINE 107.15 0.9891 0.0 1.5702  -57.0 0. 196.3 5.97 354 
O-TOLUIDINE 107.16 0.9984 20.0 1.5725  -16.1 0. 20004 6.34 355 
M-TOLUIDINE 107.16 0.9930 15.0 1,5704 | -30.4 0. 203.4 5.95 356 
P-TOLUIDINE 107.16 0.9659 45.0 1.5540 43.8 0. 200.4 4.98 357 
ADIPONITRILE 103.16 0.9510 19.0 1.4597 2.0 0. 180.0 40 358 
ANISULE 108.14 0.9893 25.0 1.5143  -37.5 0. 153.8 4.33 359 
BENZYL ALCOHOL 108.14 1.0454 20.0 1.5403 -15.3 0, 205.4% 13.10 360 
BENZYL ALCOHOL 108.14 1.0413 25.0 1.5386 +1503 9. 205.4 13.10 361 
M-CRESOL 108.14 1.0302 25.0 1.5396 12.2 0. 202.2 11.80 363 
P-CRESOL 108.14 1.0178 41.0 1.5311 3407 0. 201.9 9.91 364 
1« 3-PROPANEDITHIOL 108.23 1.0783 20.0 1.5403  -79.0 0. 172.9 0.0 365 
ETHYL CHLOHROFGRMATE 108.53 1.3577 20.0 1.3955  -80.6 760. 95.0 0.0 366 
METHYL CHLOROACETATE 108.53 1.2337 20.0 1.4218 | -32.1 760. 129.8 9.0 367 
BROMUE THANE 108.97 1.4708 15.0 1.4276 -118.6 0. 38.4 9,39 . 368 
O-FLUOROTOLUENE 110.13 1.0027 15.0 1.8716 -62.0 0. 11%.% 4.22 369 
M-FLUOROTULUENE 110.13 0.9974 20.0 1.4691: -87.7 760. 116.5 0.0 370 
P-FLUOROTOLUENE | | 110.13 0.9975 23.0 1.4688 -56.8 760. 116.6 5.86 371 
BENZENETHIOL 110.18 1.0727 25,0 1.5872  -14.9 0. 169.1 4,38 372 
THIO-PHENOL 110.18 1.0728 25.0. 1.5879 70.5 9. 169.5 0.0 373 
2,3-01 Сн. ОНОРНОРЕМЕ 110.98 142040 25.0 1.4600 0:0 0. 99.0 0.0 374 
АСЕТА2ІМЕ 112.17 0.8622 20.0 1.4535 -125.0 0. 133.0 0.0 375 
COE-METHYLCYCLOHEXANONE 112.17 0.9240 29.0 · 1.4493 0.0 757. 165.0 0.0 “ 376 
THIOAENE 112.19 0.9956 0.0 1.5130 0.0 0. 137,8 д.п 377 
P-OIMETHYLCYCLOHEXANE 112.21 0.7827 0.0 14.4253  -87.0 д. : 124.6 0.0 : 378 
ETHYL CYCLOHEXANE 112.21 0.7839 25.0 1.4330 “11123 0. :131.8 0.0 379 
ОСТЕМЕ- 1 112.21 0.7149 20.0 1.4087. -101.7 0. 121.3 0.0 · 360 

" DI- ISO-BUTYLENE | 7112.22 0.7122 25.0 1.4090 0.0 0. :101.0 0.0 381 
CHLOROBENZENE 112.56 1.1117 15.0 1.5275  -45.6 0. 131.7 5.62 | 382 
12-01 СНСОВОРВОРАМЕ 112.99 1.1560 20.0 1.4394 . -100,4 760. 96.4 0.0 : 383 
1» 3-0 I CHLUROPROPANE 112.99 1.1878 20.0 1.4487  -99,5 760. 120.4 0,0 38% 
2,2-01 Сн. ОНОРНОРАМЕ 112.99 1.1120 20.0 1.4148: -33.8 760. 69.3 0.0 ; 385 
14 2-01 CHLOROPROPANE 112.99 1.1321 20.0 1.2289. 0.0 760. 88.1 0.0 ! 386. 
ETHYL CYANOACETATE 113.12 1.0614 20.0 1.4155 -22.5 0. 206. 26670 | 387 
CHLOROACETYL CHLORIDE 113.94 144202 20.0 1.4541 0.0 760. 107.0' 9,0 : 388 
TRIFLUOROACETIC ACIO 114.02 1.4890 20.0 1.2850  -15.3 0. 71.8: 8,55 : 389 
ALLYL PROPIONATE 114.14 1.9037 25.0 1.9110: 0.0 0. 124.0 : 9.0 1389 
2.5-НЕХАМЕО1ОМЕ | 114616 0.7370 0.0 1.4232 -5.6 754. 194,0 0.0 | 391 
2,4-01МЕ-3-РЕМТАМОМЕ 114.18 0.8062 29.0 1.4001 0.0 0. 124.0 0,0 : 392 
2-НЕРТАМОМНЕ 114.18 1.8111 20.0 1.4116 35,0 0. ‚151.6 9.0 1 393 
3-HEPTANONE 114.18 0.8183 20.0 0.0 33.0 0. . 50.0. 09.0 | 394. 
4 -HEP T ANONE 114.18 0.8175 20.0 14.4073. 23380, 0. ‚144.0. 9.0 1395 
_ СУССОНЕХУСМЕТНУ. ETHER = 114619 С.8790 20.0 1.4355 -74.4 760. 1133.0 9.0 1396. 
]-METHYLCYCLOHEXANOL 119.19 23.9251 24.6 1.4587 26.0 0. |157.0 9,0 1 397: 
2-METHYLCYCLOHEXANOL 114,19. 6.9254 20.0 1.4610; 0.0: 0. [167.6 13,430 | 398 
С1$-2-МЕ CYCLOHEXANOL 114.19 " 0.9360 : 20.0 1.4640 : т. - 0. |16240 ! 0.0 399: 

, ТамедемЕ CYCLOHEXANOL 114.19. 0.9227: 20.0 1.4616: -%-0. 0, 166,5: 9.0 | “00 
. S-METHYLCYCLOHEXANOL 114.19 | 0.9168 ' 20.0 | 1.4576 | 0.0; ^ "9. li7ó.0 ^ 12.30 | 401. 
CIS-3-ME CYCLOHEXANOL 114.19 0.9155! 20.0 1.4572! | «5.5: 0). 1168.6 > 16.47 | 402 
TRN-3-ME CYCLOHEXANOL 114.19 | 0.9214: 20.0 | 1.4580 ! -0.5. 0. | ё%„0: 8,05 403. 
4-METHYLCYCLOHEXANOL 114,19 0.9122! 20.0 1.4565, 0.0. На А 1557 S 
. S-METHYL - 3-HEXANONE 114.19 0.8150, 17.0. 1.3970) 0.0. . с: 0.0 | 405 
ТЕО ОСТАНЕ PU MITT ы 145522 705691 |! 8,0 71.3915 2187.577 $.1 59,2“ у.б | +06: 
| ОСТАМЕ 114.22 ' 9.7025 | 20.0 1.3974 | -56.В: ^. |125.61 1.95 1 407; 
i OCTANE 114.22 0.6985 ! 25,0 1,395] | ~56.8. 9. (125.6. 1.95 | 408. 
: 2e2e4eTRIME PENTANE 114.22 0.7078 | 0.0 | 1.3914 7106. 210. сое ites | 219 
| 2,2•3-ТЕЈМЕ РЕМТАМЕ _ 114.22. 0.7121; 25.0 ‚1.4006 | -112.3; 0, 109.1, .96 7 
АСЕТОМУСОНЕА __ 7 1116.12 70:60181 4.0? 0o 31 361.01 7 9. | 82.0! 0.0 ТАТ. 
| 1-URE I00- 2-PROPANONE 116. 12, 0.8018; 4.0: 0.0 | “4100! 0. : 82,0 0.0 “13 
| BETA-ACETOPROPIONIC ACIO 116.13, 1.1335 | 20.0 1.9396: 37.2: 0. 1 245.8 0,0 1 414 
|| INDENE 116.15; 0,9915. 0.0 | 1.5642 | -2.0: 0, :182,2. | 9.0 ТЕ 
:7%-МЕ-9-РЕКТАМОМЕ-420(7 “71116. 16: 9293857 70.0; 1.4235 | “4400' б. 1166.0 9.0 7816 
| AMYL FORMATE 116.16. 0.8926 15.0: 1.3992! -73.5 0. 1132.1 0,0 ; 417 
' BuTYL ACETATE l16.16 0.8713 30.0 : 1,3827 -73.5; 0. 1126.1 5,01. 418. 
' SEC BUTYL ACETATE 1116016 0.8720: 20.0 " 1.3894 : 0-0: 0. | 112.3. 0.0 + 419 
CAPROIC ACIO 16.16 4949230: 25.0 1.9148: -39 0. :205.7 2.63 420 
"DIACETONE ALTOHOL 116.15 (0.9342: 25.0 1.4213:^7-44.0! 12. 168,1 18.20. 421 
' ETHYL BUTYRATE 116.16 0.8791 20.0 1.3928 -98.0: 0. 121.6 5,10 ` 422 
ETHYL ISOBUTYRATE 116.16 548693. 20.0 1.3903 -88.2 0. 111.0 0.0 › 423 
ISOAMYL FORMATE 116.16 0•8820 29.0 1.3976 0.0 0. 124.2 0.0 | 424 
ISOBUTYL ACETATE 116.16 0.8695 25.0 1.3890  -98.8 0. 118.0 5.29 425 


Note: Missing data is indicated by 0, 0., or 0.0. 
(continued) 


Name 


N=PROPYL PROPIONATE 

1122ТЕТКАМЕ UREA 

О НЕРТАМОС 

PHENYLACLTONITRILE 

TOLVIC NITRILE 

]1-AMINO-c-ME-2-PE: TANOL 

2-BUTYLA*INO ETH- 2L 

DIMETHYL JXALATE 

С УСО DiFORMATE 

ACETAL 

DIETHYL CARBONATE 

ETHYL LACTATE 

ETHYL LACTATE 

2=MEUXYETHYLACETATE 

DIETHOX Yc THANE 

А РНА-МЕТ ЧУ. STYRENE 

2-B8UTOXYe THANOL 

2-METAYL 72s 4-PENTANEDIOL 

СНЦОКОСУССОНЕХАМЕ 

PHENYL CARBONIMIDE 

TRIAZOBENZENE 

CHLOROFORM 

ACE TOPHE NONE 

GLYCCROL OIMETHYL ETHER 

г2-(2-мЕ0с 170) ЕТНАМО. 328 

PHENYL ETHYLENE OXIDE 

STYRENE VAIDE 

SULFOL ANE 

CUMENE 

O-ETHYLTULUENE 

ISOPROPYLGENZENE 

1=-PHENYL PROPANE 

1,23 TRIME RENZENE 

)1»2»5-TRIME BENZENE 
Le2sSeTRIME BENZENE 

PROP YLBENZENE 

le 3eS-TRIMETHYLGENZENE 

1 CHLOROnEXANE 

2=-CL “HEXANE 

3-СЕ-НЕХАМЕ 

) -BRUMO- 1- PROPENE 

O-ETHYL ANILINE 

O-METHYL TOLUIOINE 

2e4s6-TRIMETHYL PYRIDINE 

SALICYLALOEHYDE 

Q-METHYLANISOLE 

PHENE TOLE 

DIETHANOL SULFIDE 

2-CHLOROcTHYL ACE FATE 

ETHYL CHLOROACETATE 

] -CHLORO- 3-PENTANOL 

ACETYL BrOMIDE 

1-“BRUMOPROP ANE 

2-BROMOPRUP ANE 

NITROBENZENE 

ОТЕТНУС ZINC 

MeTHIOCRCSOL 

BETA-CLETHYLCELLOSOL VE 

3-CL-2-CLME-PHROPENE 

CAPRYLONITRILE. 

DIMETHYL SULFATE 

г2.5-0 | МЕ- СУС! ОЧЕХАМОМЕ 

e -NOIXENE (TRANS) 

] -NONENE 

BENZYL CHLORIDE 

‚ M-CHLÓROTOLUENE 

P-CHLOROTOLUENE 

le2-VICL ISOBUTANE 

1+ 1~O IT CHLOROBUT ANE 

. 12-0 ICHLOROBUTANE 
1*4-0OI CHLUROBUTANE 

г, 3-О| СН. ОНОВИТАМЕ 

le l-UICH~2-ME PROPANE 

le 2-U[CH-2=ME PROPANE 

1»3-01СН-2-МЕ РЯОРАМЕ 

]-ACETYLF IPERIDINE 

Q- CHLOROANIL INE 

3-ME-HEPT ANONE -2 

2-ETHYLCY CLOMEXANOL (C15) 

OCTANONE - 2 

ОСТАЧОМЕ ~ З 

150“ МОМАЊЕ 

GeMETHYL UCTANE 

МОМАЊЕ 

292» 5-TRIME HEXANE 


Note: Missing data is indicated by 0, 0., or 0.0. 


Mol. 
Wt. 


116.16 
116.16 
116.21 
117-14 
117.15 
117.19 
117.19 
118.99 
118.09 
118.12 
118.13 
118.13 
118.13 
118.13 
118.17 
116.17 
118.18 
118.18 
118.61 
119.12 
119.13 
119.38 
120.15 
120.15 
120.15 
120.15 
120.15 
120.17 
120.19 
120,19 
120.19 
120.19 
120.19 
120.19 
120.19 
120.20 
120.20 
120.62 
120.62 
120.62 
120.99 
121418 
121.18 
121.18 
122.13 
122.16 
122.17 
122.19 
122.55 
122.55 
122.50 
122.96 
123.00 
123.00 
123.11 
123.50 
12%.21 
124.57 
125.00 
125.21 


26.13 


126.19 
126.23 
126.24 
126.58 


126.58 ' 


126.58 
127.61 
127.02 
127.92 
127.02 
127.03 
127.03 
127.03 


127.03 


127.18 
127.57 
128.21 
128.22 
128.22 
128.22 
128.25 
128.25 
128.25 
128.25 


Density 


948330 
0.9654 
0.8171 
1.0155 
1.0125 
6.9081 
0.8907 
1.1716 
121930 
0.8213 
2.9693 
1.0328 
1.0272 
1.0049 
9.8341 
0,9140 
0.9008 
9.9254 
1.0000 
1,0960 
1.0660 
1.4799 
1.0281 
1.0085 
1.0167 
1 „0469 
1.0469 
1.2614 
п. 8618 
0.8870 
2.8575 
C.8620 
025944 
0.8890 
0.3642 
6.8620 
0.8642 
0.8782 
0.5694 
0.8700 
1.133 
0.9830 
0.9769 
6.9166 
1.1525 
029850 
0.9605 
1.1793 
1.1763 
151144 
1.0327 
1.6630 
1.3452 
1.3060 
1.2082 
1.1820 
1.0526 
0-0 

1.1782 
0.8097 
1.3283 
G29025 
1.7540 
5.7253 
1.1000 


1.0722 | 


1.0697 
1.0930 
1.0863 
1.1116 


1.7598 
101136 


1.0111 


1.0930 


1.1325 
1.0412 
1.2125 
0.8318 
0.9274 
0.8185 
0.8220 
0.7134 
0.7199 
6.7138 
0. 7032 
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ее 9 @ а е е а 


eoo O00 O90 0 


20.0 


20.0 


25.0 
0.0 


9.0 
20.0 

0.0 
25.0 
12.0 
20.0 
20.0 
20.0 


25,0. 


9.0 
20.0 
29,0 
21.0 

9.0 
20.0 


0.0 
25.0 
25.0 


9.0 


Refract. 
Index 


1.6015 
1.4493 
1.4210 
1.5233 
1.5209 
1.4510 
1.4437 
1.3790 
1.3580 
1.3682 
1,3829 
1.4124 
1.4127 
1.4022 
1.3819 
0.0 

1.4198 
1.4250 
1.4626 
1.5350 
1,5589 
1.4429 
1.5342 
1.4192 
1.4245 
1.5350 
1.5350 
1.4820 
1.4915 
1,5052 
1 „4 889 
1.4920 
1.5139 
1.5030 
1.4998 
1.4900 
1.4998 
1.4240 
1.4142 
1,%163 
1.4519 
1.5584 
1.5649 
1 „4959 
1.5702 
1 „5199 
1,5049 
1.5146 
1.4215 
1,4219 
1.4660 
1.4538 
1.4317 
1.4221 
1.5546 
1,4954 
1.5752 
1,4505 
1.475% 
1.4182 
1.3874 
1,4446 
1.4191 
1.4133 
1.5391 


1.5214 


1.5199 
1.4370 
1.4355 
1.4474 


1,4566 © 
1.6420 


1.4330 
1.4370 


1.4488 | 


0.0 

1.5881 
1.4172 
1.4655 
1.4161 
1.4156 
1.4032 
1.4061 
1.4054 
1.3997 


Melting Pressure 


Point 


-76.0 
-1.2 
0.0 
-23.8 
=23.8 
0.0 
-3.5 
5.4 
-10.0 
0.0 
-43.0 
„20.0 
-26.0 
-65.1 
0.0 
-20.0 
0.0 
-40.0 
-44.9 
0.0 
-27.0 
-63.5 
19.6 
0.0 
-70.0 
-35 о 6 
- 35.6 
28.5 
„96.0 
-17.0 
-96.0 
-99.5 
“25.95 
-60.5 
-52.7 
-99.5 
-52.? 
-83.0 
0.0 
0.0 
116.6 
-5.0 
0.0 
0.0 
-7.0 
0.0 
-29.5 
-10.0 
-с0.0 
-26.0 
0.0 
-96.5 
-109.8 
„49,0 
5.7 
-28.0 
-20.0 
0.0 
=]. 
-49.6 


| -31.A 


0.0 
0.0 
„В1.4 
“39,0 


U 247. B 


7.5 
-130.0 
0.0 
2020 
-38.7 
-80.0 


0.0. 


-130.0 
|. 0.0 
108.0 

“1,9 
0.0 
9.0 

-20.9 
0.0 
-80.5 

-11961 
-53.5 

-105.8 


0. 
Je 
0. 
0. 
0. 
15. 
760. 
760. 
0. 
0. 
0, 
о. 
36. 
0. 
0. 
765. 
760. 
760. 
0. 
0. 
11. 


Boiling 
Point 


122.5 
175.2 
159.7 
233.5 
233.5 
83.0 
199,5 
164.5 
174.0 
103.6 
126.8 
154.5 
69.5 
144.5 
102,2 
165.0 
170.2 
197.0 
143.0 
165.95 
то, с 
61.1 
202.0 
169,0 
194.1 
191.5 
191.5 
287,3 
152.4 
164.9 
152,4 
159.2 
176.0 
1693 
164.7 
159.2 
164.7 
132.9 

040 

0.0 
59.5 
209.2 
206.0 
172.0 
196,7 
170.3 
170.0 
282.0 
145.0 
144,59 
173.0 
76.7 
71.1 
59.4 
210.4 
118.0 
195.4 
182.0 
138.3 


205.2 


188.5 
178.9 
146.5 
146.9 
179.4 
162.0 
162,0 
108.9 
114.5 


124.0 · 


162.0 
116.0 
105.5 
108.9 
134 „6 


226.5 ` 


208.8 
167.0 

74.0 
173.€ 
169.0 
142.8 
142.4 
150.8 
124.1 


Dielec. 
Constant 


9.0 
23.05 
9.21 
9.0 
18.70 
9.0 
0.0 
„0 
0.0 
3.40 
2.82 
13.10 
13.10 
8.25 
9.0 
0.0 
9.30 
0.0 
9.0 
0.0 
9.0 
4,81 
17.39 
0.0 
0.0 
9.0 
0.0 
43.30 
2.34 
0.0 
2.38 
0.0 
0.0 
0.0 
0.0 
0.0 
2.27 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.0 
13.90 
0.0 
“4.22 
0.0 
9.0 
0,0 
0.0 
5.0 
8.09 
3%.82 
0.0 
0.0 
0.0 
0.0 
13.90 
0.0 
0.0 
0.0 
0.0 
23.00 
$.55 
6.08 
9.0 
0.0 
2.0 
0.0 
0.0 
0.0 
0.0 


List 
No. 


426 
427 
428 
529 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448A 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
47) 

472 
473 
474 
475 
476 
477 
478 
479 
480 
“81 

482 
483 
484 
485 
466 
487 
486 
439 
490 

491 

492 
493 

494 

495 


496 


497 
498 
499 
500 
501 
502 
$03 
504 
505 
506 
507 
508 
509 
510 
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Мате 


DICHLOROACETIC АСІО 
1*»3-0ICL-c-PROPANOL 
N-ACETYL MORPHOLINE 
CINNAMONITRILE 
QUINOLINc 

ОТВЏТУ АМ) МЕ 

ETHYL ACETUACETATE 
PROPIONIC ANHYDRIDE 
N-BUTYL PROPIONATE 
НЕРТАМО ТС ACID 
1LSOBUTYLPROPIONATE 
4(2-aMINVET} MORPHOL INE 
AMYL ACEIATE 

ETHYL ISOVALERATE 
2-OCTANOL (DL) 


2.2, ч-ТЕ 1 ME РЕМТАМО -4 


BUTYL ETHER 
2-ET-1-HEXANOL 
2-ME -HEP lr ANOL- 2 
З-МЕ-НЕР ТАМО = 3 
1--ОСТАМОЕ 


P-FLUORO CHLORO BENZENE 


TRIMETHYL BORATE 
ISOAMYL ACETATE 


4 (В-НУОКОХУЕТ) МОНРНО| INE 


1 -МІТЯОНЬ ХАМЕ 
TRICHLOROETHYLENE 
ОТМЕТНУ| МА ОМАТЕ 
CELLUSOLVE ACETATE 
CINNAMALUEHYDE 
1234TET ^ NAPHTHALENE 
1234TET ^ NAPHTHALENE 
l-FLUORO OCTANE 

ЕТНҮ ОТЕТ НАМО АМІМЕ 
lelsl=TRICHLOROE THANE 
Yels2=-TRICL ETHANE 
3-BR PROPIONITRILE 
ALLYL PHENYL ETHER 
CaRBITOL 

CINNAMYL ALCOHOL 
2-(2-ETOETO) ETHANOL 
В15 (4-МЕЧЕТ) ETHER 
]-PHENYL -2-PROPANONE. 
PROP IOPHLNONE 
O-DIETHYLGENZENE 
1«3-UIETHYLBENZENE 
1»4-DIETHYLBENZENE 
P-ISOPROPYL TOLUENE 
1234 ТЕТКА-МЕ-ВЕМ?ЕЧЕ 


21235 ТЕТкА-МЕ-ӨЕМ2ЕМЕ 


BUTYL BENZENE 
SEC=dUTYL BENZENE 
P-CYMENE 

TERT-BUTYL BENZENE 
4- CHLOROCYCLOHEXANOL 
] -CHLOROnEPTANE 
2-CL-HEP1ANE 
3-CL-HEP T ANE 

4-CL -HEPTANE 
4-8ROMO-1-BUTENE 
BENZEDRINE 

PHENYL ACETATE 
BENZYL РОВМАТЕ 
METHYL BENZOATE 
N-PROPYL PHENYL ETHER 
BENZYL EIHYL ETHER 
З-РНЕМУ| - | -PROPANOL 
ALPHA PINENE 

BETA РІМЕ ЧЕ 

ETHYL CHLOROGLYOAYLATE 
6-CL-HEXANOL - 1 
BROMOBUT ANE 
2=BROMO=c=-ME PROPANE 
]1-BROMO-2-ME PROPANE 
DIETHYL SELENIDE 
ANIL INQE1HANOL 
METHOXY GENZYL ALCOHOL 
2-PHENOXY ETHANOL 
VERATROLE 

DIETHYL SULFITE 
[5ОРНОВОЧЕ. 
ОЕСАНУОВОМАРНТНА(ЕМЕ 


CIS-DEC ANY DRONAPATHALENE 
TRAN-UECArtY DRONAP THALENE 


BROMOACETiC ACIO 


Note: Missing dato is indicated by 0, 0., or 0.0. 
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Mol. 
Wt. 


128.99 
129.16 
129.16 
129.16 
129.25 
130.15 
130.15 
130.18 
130.18 
130.18 
130.19 
130.19 
130.19 
130.22 
130.22 
130.23 
130.23 
130.23 
130.23 


130.23 


130.55 
130.92 


130.98 


131.17 
131.17 


131.39 


132.11 
132.16 
132.16 
132.21 
132.21 
132.22 
133.19 
133.41 


133.41 ' 
133.98: 
134.18 
134.28. 
134.18 
134.18 


134.18 
134.18 
134.18 
134.21 


134.21” 


13%.21 
134.21 
134.21 


134.21. 
134.22 


134.22 
134.22 
134.22 


134.51. 


134.65 
134.65 
134.65 
134.65 
135.01 
135.20 
136.14 
136.15 
136.15 
136.19 
136.20 
136.20 
136.24 
136.24 


136.54 


136.62 
137.03 
137.03 
137.03 
137.96 


137.18. 


138.16 
138.17 
138.17 
138.19 
138.21 
138.24 
138.24 
138.24 
138.95 


Density Temp. 


1.5634 
1.3506 
1.1165 
1.0283 
1.0977 
0.7619 
1.0222 
1.0110 
0.8818 
0.9185 
08875 
0.9915 
9. 8753 
0.8652 
0.8193 
0.8270 
0.7641 
0.8291 
0.8142 
0.8282 
0.8221 
1.2260 
0.9200 
0. 8064 
1.0710 
0.0 

1.4762 
1.1544 
0.9730 
1.0497 
0.9702 
0.9662 
0.8103 
1.0135 
1.3376 


1.4405 © 


1.6152 
9.9788 
0.988] 
1.0440 


0.9814“ 


0.9440 


1.0157. 
1.0105. 


9.8800 


0-8639. 


0.8620 
0.8569 


0.9010. 
.0.8906 . 
0.8561. 


0.8580 
0» 8533 
0.8624 


1.1435 — 


0.8810 


0.8725. 


6.8960 


0.8710. 


+. 3230 


2.9400 | 


1.0730 
1.0817 
1.0790 


0.9530. 


029446 
1.9080 


0.8539 


0.8667 
1.2226 
0.0 

1.2764 
1.2220 


1.3356 


1.2300 
1.1129 
1.0430 
1.1020 


1.0819: 
1.0829. 


0.9229 
0.8789 
2.8967 


0.8700 - 
(1.9335. 


20.0 
17.0 
20.0 
20.0 
25.0 


Refract. 
Index 


1.4658 
1,4837 
1.4383 
1.6043 
1.6293 
1.4177 
1.4192 
1.4045 
1.3982 
1.4216 
1.3975 
1.4715 
1.4028 
1.3962 
1.4203 
1.4293 
1.3968 
1.4292 
1.4279 
1.4238 
1.4275 
1.4990 
1.3568 
1.3984 
1.4780 
1.4229 
1.4800 
1.4140 
1.4050 
1.6195 
1.5414 
1.5492 
1.3935 
1.4663 
1.4379 
1.4706 
1.1470 
1.5200 
1.4273 


1.5819 ` 
1.4254 


1.4043 
1.5168 
1.5269 


1.5035. 
. 1.4955 
1.4967 


1.4904 
1.5187 


1,5134 . 


1.4874 
1,4878 
1.4885 
1.4902 
1.4930 
1.4248 
1.4221 
1.4237 
1.4237 
1.4622 
1.5463 
1.5051 
1.5121 
1.5123 
1.5011 
1.4934 
1.5357 


1.4632 . 


1.4768 
0.0 


1.4531 © 


1.4389 
1,4283 
1.4348 
1.4768 


1.5749 


1.5490 
1.5340 
1.5323 
1.4144 


1.4759 | 


1.4758 
1.4811 
1.4696 
1.4804 


Melting Pressure 


Point 


10.8 
0.0 
14.0 
22.0 
-14.9 
-62.0 
=40•0 
-43.0 
-89.5 
-10.0 
“71.4 
25.6 
-100.0 
-99.3 
- 1 4.5 
-16.7 
„99,2 
-76.0 
0.0 
-83.0 
“15,0 
“28,3 
„34.0 
78,5 
9.0 
0.0 
„86,4 
-80.0 
-61.7 
“75.0 
-35.8 
„35,8 
0.0 
„60.0 
“30,4 
-37.4 
0-0 


0 


0.0 
33.0 
0.0 
0.0 


27.0. 


18.6 
-20.0 


=20.0 


“35.0 
0-0 
64.0 
-2%.0 
-8В7.9 
-75.5 
-67.9 
-57.9 
9.0 
26940 
0.0 
0.0 
0.0 
0.0 


0.0. 


0.0 
0.0 
«ідеї 
4.40 
0.0 
-18.0 
“64.0 
“61,5 
0.0 
0.0 
211244 
-20.0 
0.0 
0.0 
0.0 
0.0 
14.0 


225. 
9.0 
8,1. 
2-125.0: 
“43,3: 


“32.5 
9-0 


0. 
760. 
50. 
0. 
780. 
0. 
0. 
0, 
0. 
0. 
0. 
50. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
757. 
0. 
0. 
757. 
0. 
0. 
9. 
0. 
760. 
0. 
0. 
0. 
760. 
0. 
0. 
25. 
18. 
0. 
0. 
0. 
0. 
0. 
9. 
0. 
0. 
0. 


Boiling 
Point 


192.5 
176.0 
152.6 
263.8 
237.1 
159.6 
180,5 
169.0 
145.5 
223.0 
136.8 
116.4 
149.2 
134.7 
180.0 
194.5 
142.2 
184.4 
156.0 
163.0 
195.2 
130.0 
69.0 
42.6 
22729 
0.0 
87.2 
183.6 
156.3 
253.0 
207.6 
207.6 
142.5 
247.0 
74.0 
113.0 
92.0 
85.0 


201.08: 


257.5 


202.0. 


159.4 


216.5 : 
218.0 , 
183.9 : 


181,0 
182.0 


177.0: 


203.5 


196.0 : 


183.3 


173.3 . 
177.1: 


169.1 


106.0. 


158.0 
46.0 
144.0 
144.0 
98.5 
203.5 
195.8 
93,0 
199.5 


189.5 . 


185.0 
236.5 
156.9 


166.0 ' 


135.0 
107.0 
101.3 

73.3 

91.0 
108.0 
286.0 
249.0 
237.0 
206.3 
157. 
214.0 
191.7 
195.7 
187.3 
208.0 


Dielec. 
Constant 


8.20 
0.0 
0.0 
0.0 
9.00 
2.98 

15.70 

18.30 
0.0 
0.0 
0.0 
0.0 
4,75 
4.71 
0.0 
0.0 
0.0 
4.41 
0.0 
0.0 

10. 34 
0.0 
0.0 
4.63 
0.0 
0.0 
3.42 
0.0 
7.57 

16.90 
2.77 
2.77 
0.0 
0.0 
7.53 
0.0 
0.0 
0.0 
920 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.36 
2.36 
2.25 
2.37 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

18,40 
0.0 
6.59 
0.0 
3.90 
0.0 
2.26 
2.50 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.09 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


List 
No. 


511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
S22 
523 
504 
525 
526 
S27 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
5за 
539 
540 
541 
542 
543 
544 
545 
546 
547 
5%8 
549 
550. 
551 
552 · 
553 
554 
55». 
556 
557 
558 
559 
560. 
561 


| 562: 


563 
| $64 
· 565 
- 566 


567 


: 568: 


| 569 
570 
‘$71 


ет ко 


572. 
573 


574 


575. 
S76 
S77 
ста 
579 
580. 
581 ` 
582 
583 
584 
585 
586 
587 
588 
589 
590. 
591: 
592: 
993: 
594, 


, 595: 


(continued) 


Appendix—Comparative Data for Various Solvents | 945 


Mol. Refract. Melting Boiling Dietec. List 


Name Wt. Density Temp. Index Point Pressure Point Constant’ Мо. 
1=PHENYL-2=PROPANOL 139.20 0.9727 19.0 1,5314 36.0 0. 21720 0.0 596 
PELARGONIC NITRILE 139.23 0.7860 16.0 1.4235 38,2 0. 224.20 0.0 597 
DECAHY DRUBUINOLINE 139.24 0.9426 20.0 1.4926 -40.0- 20. 90.0 0.0 598 
TRIMETHYL PHOSPHATE 140.08 1.2144 20,0 1.3967 “46.0 760. 197.2 0.0 599 
2-ACETYL CYCLOHEXANONE 140.18 1.0782 20,0 1.5138 0.0 18. 112.0 9.0 600 
2-ITSOPROPYLCYCLOHEXANONE 140-23 0.9270 20.0 1.4538 0.0 76. 199.0 0.0 601 
BUTYLCYCLOHEX ANE 140.27 6.8178 20.0 1,4400 «78.6 0. 179.2 9.0 602 
1-DECENE 140,27 0.7369 25.0 1.4191 2664.3 0. 170,6 0.0 603 
1«5-UICHLOROPENTANE 141.04 1,1006 20.0 1.4564 -72.8 760. 180.0 0.0 604 
ТОООМЕТНА ЧЕ 191,94 2.2649 25,0 1.5270 -66.5 9. 42.4 7,00 605 
1-ACETYL CYCLOHEXANOL 142.20 1.0257 20.0 1.4726 0.0 50. 125.0 0.0 606 
]-METHYL NAPHTHALENE 192.20 1.0202 20.0 1.6170 -22,0 769. 244.6 0.0 607 
METHYL HEPTYL KETONE 142.23 0.8185 0.0 1.4161 -25.9 0. 173.0 0.0 608 
4-МОМАМОЊЕ 142.24 0.8370 20.0 1.4210 0.0 0. 187.5 0.0 609 
5-NONANONE 142.24 0.8270 20.0 1.3980 -4.. 6. 188.4 0.0 610 
30395=TRIME CYCLOHEXANOL 142.624 029006 16.0 1.4550 37.3 750. 202.0 0.0 61! 
ОЕСАМЕ 142.27 0.7262 25.0 1.4119 -29.7 0. 174.1 1.99 612 
METHYL-DICHLORO ACETATE 142.97 1.3774 20.0 1.4429 -51.9 760. 142.8 0.0 613 
BIS (2=-CL ETHYLJETHER 143.01 1.2192 20.0 1.4575 -40.8 0. 178.8 21.20 614 
1»3-O0ICL-2-ME-2-PKOPANOL 143.02 1.2758 20.0 1.4744 9.9 0. 174,5 0.0 615 
2-METHYL WUINOLINE 143.18 1.0585 0.0 1.6126 -1.0 0. 246.5 0.0 616 
TRI-N-PROPYL AMINE 143.27 с. 7530 25,0 1.4176 -93.5 0. 156.0 0.0 617 
1-В8-2-С. -ЕТНАМЕ 143,43 1•7392 20.0 1.4917 -16.7 0. 107.0 0.0 618 
DIMETHYL MALEATE 144.13 1.1513 20.0 1.4422 -17.5 0. 260.4 0.0 619 
TE TRAHYORGFURFURYL ACET 144.17 1.0672 25.0 1.4352 0.0 14. 85.0 0.0 629 
4(3-AMINOPROP)MONPHOLINE 144.21 0.9872 20.0 1.4749 “15,0 50. 134.0 0.0 621 
AMYLPROP LONATE 194,2] 0.8760 0.0 1.4096 -73.1 760. 168.7 0.0 622 
BUTYLBUTYRATE (М) 144.21 0.8717 20.0 1.4045 -91.5 760. 166.6 0.0 623 
ISOBUTYL -N-BUTYRATE 148.21 0.8368 18.0 1.4030 0.0 0. 157.0 0.0 62% 
N-PROPYL VALERATE 144.21 0.8888 0.0 1,4057 0.0 0. 167.5 0.0 625 
CAPRYLIC ACID 144.22 0.9106 20.0 1.4280 16.5 Ne 239.9 2.45 626 
2-ETHYLBUTYL ACETATE 144.22 0.8790 20.0 1.4109 -100.0 760. 162.5 0.0 627 
HEXYL ACtTATE 144.22 0.3779 15.0 1.9092 -8),9 760. 171.5 0.0 628 
ISOBUTYLISOBUTYRATE 144.22 0.8742 20.0 1.3999 -80.7 0. 147.5 0.0 629 
ISOBUTYL 1 БОВЏТУКАТЕ 144.22 0.8889 25,0 1.3981 -80.7 0. 175.6 0.0 630 
NONYL ALCOHOL 144.25 0.8273 0.0 1,4333 -5.0 0. 212,7 0.0 631 
2.6-101 МЕ? пу -4-НЕРТАМО| 144.26 0.5090. 21.0 1.4242 0,0 760. 176.5 0.0 632 
SILICONANE 144.34 627682 9.0 1.4243 0.0 0. 154.7 9.0 633 
4<-PHENYLGUTRONITRILE 145.21 0.9762 0.0 1.5150 0-0 0. 139,7 0.0 634 
3,3» 32 TRICHLOROPROPENE 145.43 1.3690 20,0 1.4827 30.0 0. 104.5 0.0 635 
DIETHYL ОХАЦАТЕ 146.14 1.0669 230.0 1.4060 “40.6 0. 185.4 1.80 636 
ETHYLENE ОТАСЕТАТЕ 146.14 1.1093 20.0 1.44159 “41,5 0. 190.9 10.00 637 
BUTYL LACTATE OL 146.19 0.9803 22.0 1.4217 -43.0 13. 83.0 0.0 638 
2-ETHYL-1*3-HEXANEDIOL 146.23 0.9325 22.0 1.4497 -40.0 760. 244.0 9.0 639 
HEXYL CELLOSOLVE 146.23 0.8894 29.0 1.4291 -45.1 760. 208.0 0.0 640 
TRIETHYLCNETETRAMINE 146.24 0.9820 20.0 1.4971 12.0 760. 266.5. 0.0 641 
O-DICHLOHROBENZENE 147.01 1.3059 20.0 1.5515 “1/20 0. 180.5 9.93 642 
M-DICHLOWHOBENZENE 197.01 1,2884 20.0 1.5459 -2%.8 0. 173.9 5.04 643 
Р-01 Сн ОКОВЕМ7ЕМЕ 147.01 1,2416 60.0 1.5285 53.1 0. 174.1 2.91 64% 
кА ТРОЕ [МЕ 147,21 1,0220 0.0 1.5082 0-0 758, 0.0 0.0 645 
] -PHENYL -PYRROL IDINE 147,22 1.0260 25.0 1.5803 0.0 9. 113.0 9.0 6%6 
ТВІСНМ( ОНСАСЕТАД( ОЕНУОЕ 147.40 1.5120 0.0 1.4557 257,5 0. 98,0 0.0 647 
lelel-TRICHLOROPROP ANE 147.43 1.2870 23.0 0.0 0-0 760. 107.5 6.0 648 
lels2-TRICHLOROPROPANE 147.43 1.3720 25.0 0.0 0.0 760. 140.0 0.0 649 
151» 3- TRICHLOROPROPANE 147.43 1.3557 20,0 1,4718 -59.0 760. 145.46 0.0 650 
1«2»2- TRI CHLOROPROPANE 147.43 1.3180 25.0 1.4609 0-0 762. 124.0 0.0 651 
| 2, 3-ТЕ | СН. ОВОРКОРАМЕ 147.44 1.3940 0.0 1.4858 2155.7 0. 156.0 0.0 652 
BUT YROPHE NONE 148.20 0.9880 9,0 1.5320 11.0 727. 231,0 0.0 653 
1 PHENYLPENTANE 148.24 0.8662 0.0 1.4943 -78.3 0. 205.3 0.0 654 
1=CHLORO OCTANE 148.67 0.8748 0.0 1.4306 0.0 765. 181.9 0.0 655 
1-С(-2%5-01МҒ HEXANE 148-68 5.8476 18.0 1.4232 0.0 14. 44.0 0.0 656 
2-ВВ-3-мМЕ-1-ВУТЕМЕ 149.04 1.2328 20.0 1.4504 0.0 757, 1065,4 0.0 657 
1-8R-3-ME-2-BUTENE 149.04 1.2819 20.0 1.4930 9.0 40. 59,5 0.0 658 
2-BR-J3-ME-2-BUTENE 149.04 1.2773 20.0 1.4738 0.9 766. 119.5 0.0 659 
TRIE THANOL AMINE 149.19 1.1196 25.0 1.4835 21.6 0. 335.4 29.36 660 
N-8UTYLANIL INE 149.24 0.9323 20.0 1.5341 -1464 760. 241.6 0.0 661 
29292=TRICHLOROE THANOL 149.42 1.5521 25.0 1,4890 17.8 737. 151.0 0.0 662 
BENZYL ACETATE 150.18 1.9550 20.0 1.5232. -51.5 0. 215.5 5.10 663 

; £THYL BENZOATE 150.18 1.40511 15.0 1.5075 2344.7 0. 212.» 6.02 " 664 
__ ТЕТЕТНУ(ЕМЕ GLYCOL 150.18. 1.1274 15.0 1.4578, -4.3 0. 288,0 23.69 665. 
| N-BUTYL PHENYL ETHER 150.21 | 0.9351 9.0 1.4969 : -19.0 0. 210.6 ! 0.0 666. 
: 2-МЕ—~]-РЛЕМУ(РЕОРАМО(-] 150.22 0.9869 14.0 1.5193 0.0. 0. 223.0 : 0.0 667 
^ e-ME-])-PHENYLPROPANOL-2 150.22 0.9774 19.0 1.5201 ; 25.0 - 0. 2150 ' 0.0 668, 
' &=—CHLOROBUTYL ACETATE 150.61 1.0759. 0.0 1.4340 - 0.0. 0. 83.9 0.0 669 
г 1-В80м0-3-МЕ BUTANE . 151.095 : 1.2609 2050 | 1,4420 _ -11г2.0. 0. 120,0. 0.0 670 
. ]-BROMOPENTANE 151.665 1.2177 0.0 | 14,4413 -95.0 0. :129.7 0.0 671 
. ET-2-PYRIOINECARBOXYLATE 151.16 : 1.1194 20.0 : 1.5104 ` 1.0 ` 0. 243.9 0.0 672 
: METHYL SALICYLATE 152.15 1.1831: 20.0 ‚ 1.5365 | -8.6. 0. 233.3 9.41 673. 
^ Q-BENZYLUXYETHANOL 152.20 . 1.0640 | 20.0 1.5233 -75.0. 760. 256.0 0.0 674 
CINNAMYL CHLORIDE 152.63 0.0 | " 0.0 0,0 7 -19:0: 0. 216.01 9,0 675 
|" BROMOMETHYLACETATE 152.99 ' 1.6560 , 12.0 . 0.0 | ` 0,0: 750. 130.0: 0.0 616, 
O-NITROANISOLE 153.16 1.2527: 20.0 ‚ 1.5619 | 10.5 | 0. 265.0 ` 9.0 677 | 
| CARBON TETRACHLORIDE 153.82 1.6037. 15.0 1.4631 i -23.0 ` 0. . 76,7 : 2.28 678: 
CARBON TETRACHLORIDE 153.82 1.5844 , 25,0 1.4574 | -23.0 0. 76.7: 2.24 679: 
| DIETHYL SULFATE 154. 19 . 1.1774 ` 20,0 | 1.4004 і -2%.5 : __ 0. .,208.9 06 0.0 В 680. 


Note: Missing data is indicated by 0, 0., or 0.0. 
(continued) 


946 Industrial Solvents Handbook 


Mol. . Refract. Melting Boilin Dielec. List 

Name Wt. Density Temp. Index Point Pressure Pont Constant Мо. 
158-CINEOLE 184.25 0.9192 25.0 1.4555 1.3 0. 176.9 4,57 681 
2-NBUTYLCYCLOHEXANONE 154.28 04.9350. 20.0 1.4545 0.0 г. 7.0 0.0 ев? 
] -UNOECENE 154.29 0.7506 0.0 1.4261 -50.0 0. 193,2 0.0 683 
SUCCINYL CHLORIOE 154.98 1.3748 20.0 1.4683 20.0 760. 193.3 0.0 684 
146-ОІС( -НЕХАМЕ 155.08 1.0677 20.0 1.4572 0.0 0. 202.% 0.0 685 
1ОООЕТНАМЕ 155.97 1.9357 20.0 1.5133 -111.1 0. 72.3 7.82 686 
3-CYCLOHEXPROPANOIC ACID 156.22 0.9966 20.0 1.4658 16-0 750. 193.0 0.0 687 
LeETAYL NAPHTHALENE 156.23 1.0082 20.0 1.6062 -13.9 760, 258,7 0.0 688 
2-ЕТНУ( NAPHTHALENE 156.23 0.9922 20,0 1,5999 -7.4 760. 257,9 0.0 689 
ОЕСАЧОМЕ-2 156.26 0.8230 22.0 1.4621 19.0 767. 210.5 0.0 690 
2-BUTYLCYCLOHEXANOL 156.27 0.9020 20.0 1,4641 0.0 3. 75.1 0.0 691 
3-150Р80-2-НЕРТАМОМЕ 156.27 0.8195 20.0 1,4250 0.0 0. 78.С 0.0 692 
ОМОЕСАМЕ 156.30 0.7401 0.0 1,2172 -25.0 0. 195.5 2,01 693 
ВЕТА- СН. ОВОРНЕМЕ ТО| Е 156.61 1.1443 25.0 1,5328 0.0 0. 0.0 0.0 69% 
P«CHLOROPHENETOLE 156.61 1.1231 20.0 1,5227 21.0 0. 213.0 5.0 695 
2-CLETHYLCHLORDACETATE 157.00 1.3600 25.0 1.4619 0.0 760. 202.2 9.0 696 
29 3J-0UICHLOROO IOXANE 157.00 1.4680 20.0 1.4928 36.0 19. 81,0 0.0 697 
ETHYLOICHLOROACETATE 157-00 142821 20.0 1.4386 0.0 0. 157.0 10.00 698 
BROMOSENZENE 157.02 1.4882 25.0 1.5571 230.8 0. 195.9 5.40 699 
DIPENTYLAMINE 157.30 0.7771 20.0 1.4272 -76.0 760. 262.5 0.0 709 
ALLYLIDENE DIACETATE 158.15 1.0749 20.0 1.4193 -37.6 0. 180.0 0.0 701 
TETRAHYDROFURFURYL PROP 158.19 1.0321 25.0 1.4380 0.0 18, 101.0 0.0 702 
ВЈТУКТС АМНУОВТОЕ 158.20 029668 20.0 1.4127 -66.7 0. 199,5 12.90 703 
HEXYL PROPIONATE 158.23 0.8698 20.0 0,0 97.5 0. 190,6 0.0 704 
ISOAMYL ЕГМЕВ 158.27 0.7777 20.0 1.4085 0.0 0. 173.4 0.0 705 
AMYL ETHER 158.28 0.7790 25.0 1.4098 -69.4 0. 186.9 0.0 706 
DIETHYL MALONATE 160.17 1.0549 20.0 1.4136 -48.9 0. 199.3 7287 707 
CYCLOHEXYLOENZENE 160.26 0.9387 25.0 1.5239 7.0 0. 240.) 0.0 708 
1-СН( ОКОРЕМТАМЕ 160.60 0.8818 20,0 1,4120 -99.0 0. 107.7 6.60 1709 
BENZAL CHLORIDE 161,03 142557 14.0 1.5502 «16,6 0. 205.2 0.0 710 
N-BUTYLOLE THANOL AMINE 161.25 0.9692 20.0 1.4625 -79:0 741. 274,0 0.0 711 
1«2» J-TRiCHLORO BUTANE 161.46 1,3164 20.0 1.4790 0-0 725. 166.5 0.0 712 
2-ME-1»*2*3-TRICL PROPANE 161.47 1.3012 25.0 1.4765 9.0 0. 1462.5 0.0 713 
ISOSAF ROLE 162.18 1.1140 25.0 1.5740 0.0 0. 0.0 0.0 714 
SAFROLE 162.18 1.0950 25.0 1.5383 11.2 0. 233.5 0.0 715 
DIETHYLENEGLYCOIET ETHER 162.22 1.9063 0.0 1.4115 0.0 0. 188 б 0.0 7116 
BUTYLCARSITOL 162.23 с.9553 20.0 1.4321 -68.1 760. 231.0 0.0 717 
152*4-TRIETHYL BENZENE 162.27 0.8738 0.0 1.5024 0.0 0. 218.0 0.0 718 
le3desS=TRIETHYL BENZENE 162.27 0.8601 0.0 1.4958 60,5 755, 216.0 0.0 719 
] -PHENYLHEXANE 162.28 0.8540 0.0 1,4860 -62.0 760. 226,0 0.0 720 
2-CHLORONAPHTHALENE 162.61 1.1377 71.0 1.6079 59.0 0. 256,0 0.0 721 
1 -CHLORQONAPHTHALENE 162.62 1.1938 20.0 1.6332 -с.3 0. 259.3 5.04 722 
TRICHLOROACETIC ACID 163.39 1.6218 64.0 1.4603 5.8 1760. 197.6 0.0 723 
2=-CHLOROQUINOL INE 163,60 1.2464 25,0 1.6259 37,5 751. 275.0 0.0 72% 
DICHLOROBROMOMETHANE 163.85 14,9800 20.0 1.4964 0.0 742. 89,5 0.0 725 
о РНЕМУ = 1• ЗУОТОХАМЕ 164.19 1.1038 20.0 1.5306 0.0 0. 245.6 0.0 726 
EUGENOL 164.20 1.0664 20.0 1,5410 9.2 760. 255.0 0.0 727 
PROPYL BENZOATE - 164.21 1,0232 20.0 1.5003 -51.6 0. 231.2 0.0 728 
BENZYL BUTYL ETHER 164.25 0.9407 20.0 1.4970 15.0 744, 220.5 0.0 729 
NITROTRICHLORO METHANE 164 „За 1.6556 20.0 1.4622 -64.5 760. 1118 0.0 730 
1-ВВОМОНЕДАМЕ 165,08 1.1763 20.0 1.4478 “85.0 0. 154,0 0.0 731 
2-ВН-НЕХАМЕ 165.08 1.1658 20.0 1.4432 Фей 0. 144.0 0.0 732 
3-8BR-HEXANE 165.08 1.1799 20.0 1.4486 0.0 74%. 144.0 0.0 733 
TETRACHLOROETHYLENE 165.83 1.6311 15.0 1.5076 -22.3 9. 121.2 2.30 734 
BICYCLOHEXYL 166.31 0.8862 20.0 1.4800 3.6 0. 239.0 0.0 735 
2-BRUMOETHYL ACETATE 167.02 1.5140 20.0 1.4547 213.48 0. 162.5 0.0 736 
1122-ТЕТ CL ETHANE 167.35 1.5786 30.0 1.4868 -43.8 0. 146,2 8.09 737 
1112 ТЕТ CL ETHANE 167.86 1.5532 0.0 1.4821 -68.1 0. 129.5 0.0 738 
3- IODOPRUPENE 167.99 1.8454 22.0 1,5540 -99.3 0. 102.5 0.0 739 
O-PHENYL TOLUENE 168.23 1.0100 0.0 1.6824 45.0 Q. 262.5 0.0 740 
2-BENZYL PYRIDINE 169.23 1.0670 20.0 1,5785 12.0 742. 276.0 0.0 741 
1 - IOUOPROPANE 170.00 1.7394 25,0 1.5028 -101.3 0. 102.4 7.00 742 
2-[QOOPROPANE 170.00 1.6926 25,0 1.4961 -90.0 0. 89.5 8,19 743 
] -ACETONAPHTHANE 170.21 1.1336 20.0 1.6280 12.0 0. 297.0 0.0 764 
DIPHENYL ETHER 170.21 1.0661 30,0 1.5763 26.9 0. 258.3 3.69 745 
DODEC ANE 170.34 0.27457 29.0 1.4216 -9.6 0. 216.3 2.01 746 
BENZYL CHLOROFORMATE 170.60 1.1950 25.0 1.5160 0.0 0, 0.0 0.0 747 
M-BROMOTULUENE 171.94 1.9019 20.0 1.5510 -29.8 0. 183.7 5.36 748 
P-8ROMOT ULUENE 171.04 1.3898 20.0 1.5490 28.5 0. 184.5 5.49 749 
BeBtDICL-JIISOPROP ETHER 171.07 1.1030 20.0 1.4505 0.0 0. 187.0 0.0 750 
DIETHYL MALEATE 172.18 120687 20.0 1.4400 „8,8 0. 225.3 8,58 751 
| -ЕТНОХУ МАРНТНА ЕМЕ 172.23 1.0600 20.0 1.5953 5.5 0. 280.5 0.0 752 
HEPTYL PROPIONATE 172.26 0.8679 20.0 0.0 -50.9 0. 299.0 0.0 753 
Q-ETHYLHEAYL ACETATE 172.27 («8718 20,0 1.4204 -93.0 0. 198.6 0.0 754 
UNDECYL ALCOHOL 172.30 0.8298 0.0 1.4392 19.0 760. 243.0 0.9 755 
Ф-ОМЈЕСАМО. 172.31 “.8270 20.0 1.4369 1260 760. 72544 0.0 756 
0-BROMOPRMENOL 173.02 1.4924 20.0 1.5892 5.6 0. 194.5 0.0 757 
METHYLENE BROMIDE 173.85 264970 29.0 1.5420 „52,6 1760. 97.0 7.50 758 
DIETHYL SUCCINATE 174.19 1.0406 20.0 1.4201 “22,0 0. 217.7 0.0 759 
N-OIPROPYL OXALATE 174.19 120169 0,0 1.4168  -46,3 0. 214.5 0.0 760 
DIMETHYL ADLPATE 174.20 1.0600 20.0 1.4283 10.3 13. 11540 0.0 761 
DIBUTOXYETHANE 174.28 0.8370 0.0 1.4131 -69.0 0. 203.0 0.0 762 
P-FLuORO BROMOBENZENE 175.01 1.4946 0.0 1.5604 -17.0 764. 152.) 9.0 763 
NeOCTYL NITRATE 175.22 0.9750 0.0 0.0 0.0 20. 111.0 0.0 76% 
2-(2-ЕТОЕТО) ЕТАСЕТАТЕ 176.21 1.0096 20.0 1.4213 -25.0 0. 217.4 0.0 765 


Note: Missing data is indicated by 0, 0., or 0.0. 
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Mol. ‘ Refract. Melting Boiling Dielec. List 

Name Wt. Density Temp. Index Point Pressure Point Constant Мо. 

ETHYL CINNAMATE 1076.21 1.0494 20.0 1.5598 6.7 0. 272,7 0.0 766 
1~CHLOROVEC ANE 176.73 0.8683 0.0 1.4373 0.0 0. 222.5 0.0 767 
ISOAMYLISUVALERATE 177.26 (1.8582 18.7 1.4130 0-0 0. 194.0 3.62 768 
METHYL TRICL ACETATE 177.43 1.4890 19.2 1,5250 -17.5 765. 152.5 9.0 769 
BENZYL BUTYRATE 178.23 1.0190 19.0 1.4920 9.0 0. 109,0 0.0 770 
TETRAMETMYL ТІМ 178.83 1.310 0.0 1.4386 -54.8 0. 78.0 0.0 77) 
1 -BRUMOHEPT ANE 179.11 1.1384 20.0 1.4505 -58.0 0. 179.0 0.0 772 
НЕХАМЕ PHUSPHORAMIDE 179.20 1.0270 20.0 1,4588 7.2 0. 233.0 36.00 773 
(1SO)PROPYL SALICYLATE 180.20 1.0729 15.0 1.5065 0-0 0. 241.0 0.0 77% 
1,4-(815 CL ME ) СУС НЕХ 181.11 1.11390 25.0 1.4908 15.0 0. 121.0 0.0 775 
le2e4-TRICL GENZENE 151.45 1.4542 20.0 1.5717 17,0 760. 213.5 0.0 776 
11 12TETRACLPROPANE 181.89 1.4695 22.0 1,4855 -66.0 0. 152,5 0.0 777 
1»2-DIPHENYLETHANE 182.27 2.9950 20.0 1.5238 52.2 6. 285,0 0.0 779 
TERT-BUTYL IODIDE 189.02 125445 20,0 1.4918 “38.2 0. 108.0 0.0 789 
1-ІОООВУТАМЕ 1868-03 1.6123 0.0 1.5000 -103.1 0. 130.0 9.0 781 
N-TRIOECANE 184.37 1.7559 0-0 1.4233 -9.5 0. 243.0 0.0 782 
BENZYL CoLOROACETATE 184.63 1.2223 4.0 1.5426 19.0 0. 133.3 0.0 783 
TRI=N=8UT YLAMINE 185.36 0.7771 20.0 1.44297 =70.0 760. 213.6 0.0 784 
TRIBUTYL AMINE 1150) 185.36 с.7640 20.5 1.4252 -21.8 0. 191,5 0.0 785 
CIS-1,2-D18R ETHYLENE 185.8) 2.2464 20.0 1.5428 -53.0 760. 112.5 0.0 786 
TRANS~192-O1BR ETHYLENE 185-80 2.2308 20.0 1.5505 -6.5 760. 108.0 0.0 787 
г-ВнОм0-4-МЕ ANILINE 186.06 1.4745 25,0 1.6012 15.0 0. 0.0 0.0 788 
HEXAFLUOKOBENZENE 186.06 1.6132 20.6 1.3781 5.1 0. 80.3 0.0 789 
OCTYL PRUPILONATE 156.29 04.8663 0.0 0.0 0.0 0. 0.0 0.0 790 
OIMEXYL ETHER 186.34 0.7936 20.0 1.4204 “43,0 768. 223.0 0.0 791 
BIS(2-CL ET) CARBONATE 187.02 1.3444 25,0 1.4595 19.0 0. 117.0 0.0 792 
lJ2TRIFL-122TRICLETHANE 187.38 1.5635 25.0 1.3557 -36.% 0. 47.7 9.0 793 
1+ 1-D18RUMOE THANE 187.87 2.0554 0.0 1.5122 “63.0 0. 110.0 0.0 794 
1s 2-0] BROMOE THANE 187.87 2.1687 25,0 1.5360 9.8 0. 131.4 4,78 795 
1245 ТЕТКАЕТну| ЗЕМФЕМЕ 190.32 0.5788 0.0 1.5054 10.0 0. 250.0 0.0 796 
ETHLYTRICL ACETATE 191.44 1.3826 20.0 1.4507 0.0 0. 167.5 7.80 797 
ETHYL BENZOYL ACETATE 192.21 1.1220 20.0 1.5312 0.0 18. 165.0 9.0 798 
3-BROMOMETHYL HEPTANE 193.13 1.1227 25.0 1.4548 0.0 0. 57,9 6.00 799 
1-BROMO ОСТАМЕ 193.13 1.1180 0.0 1.4527 “55,0 0. 202,3 0.0 800 
METHYL BENZOPHENONE 193.24 1.1464 0.0 1.6738 -18.0 0. 325.0 0.0 801 
DIMETHYL PHTHALATE 199.18 1.1905 20.7 1,5150 0.9 0. 283.0 0.0 802 
METHYL PHTHALATE 194.18 1.1890 25.0 1.5150 0.0 734. 283.5 0.9 803 
TETRMETHYLENE GLYCOL 194.22 1.1285 0.0  1,459H -6.2 0. 328.0 0.0 804 
PHENTYL  CHLOROFORM 195.48 1.3800 0.0 1.5011 -4. В 0. 220.7 0.0 805 
TETRANITROMETHANE 196.04 1.6372 0.0 1.4398 13.0 0. 126.0 0.0 806 
1-TE TRADE CENE 196.38 0.7852 0.0 1.2932 -12.0 де 246.0 0.0 807 
OIBENZYLAMINE 197.28 1 „0256 22.0 1,5143 226.0 250. 270.0 3.60 208 
1 IODOPENTANE 198.06 1.5170 0.0 1.4955 73.1 0. 155.0 0.0 809 
BENZYL ETHER 196.27 1.0428 20.0 1.5406 36.0 0. 288,1 0.0 810 
TRICHL ORUBROMOME THANE 198.30 2.0120 0.0 1.5061 -21.0 0. 104.0 0.0 811 
М-ТЕТНАОЕ САМЕ 198.40 0.7627 0.0 1.4290 6.0 0. 253.5 0,0 812 
PHENYL -N-PROPYyL ВКОМТОЕ 199.09 1.3098 19.0 1.5517 0.0 0. 121.5 0.0 813 
(3- BROMOPROPYL ? BENZENE 199.10 1.3098 19.0 1.5517 0.0 0. 121.5 9.0 814 
B1S(4-CL BUTYL) ETHER 199.12 1.0796 25,0 1.4800 0-0 10. 130.0 0.0 815 
293 3-D18ROMOPROPENE 199.88 2.0346 25.0 1.5416 0.0 760. 191,0 0.0 816 
TRIBUTYL CARBINOL 200.35 0.8408 0.0 1.4445 20.0 0. 230.9 0.0 817 
Q-BROMOPHENETOLE 201.07 1.4105 25.0 1.5532 0.0 22. 124.0 0.0 818 
P-BRUMOPHENETOLE 201.07 1.4031 25.0 1.5498 11.0 0. 233.0 9.0 819 
| „| -ОТВВОМОРКОРАМЕ 201.91 0.0 0.0 1,5100 0.0 74. 135.4 0.0 820 
1. 2=- 0 1 ВКОМОРКНОРАМЕ 201,91 1.9366 0.0 1.5206 -55.5 5. 141.4 0.0 821 
1 3-0 ТВВОМОРКОРАМЕ 201.91 1.9893 0.0 1.5230 - 34.2 0. 0,0 0.0 822 
ACETYLOIMETHYLMALONATE 202.20 1.0830 26.0 1.4374 0.0 0. 120.0 9.0 823 
DIBUTYL OXALATE 202.25 0.9873 20.0 1,4234 “30,5 773, 242.0 0.0 824 
OIETHYLAL [PATE 202.25 1.0076 20.0 1.4272 -19.8 760. 245,0 0.0 825 
PENTACHL OKOE THANE 202.30 1.6881 15.0 1.5054 -29.0 0. 162.0 3.73 826 
LIZ2TETCLOIF ETHANE 203.83 1.6252 35,0 1.4983 26.0 0. 92,8 2.52 827 
IOOOBENZENE 204.01 1.8230 25.0 1.6197 “31.4 0. 189,0 0.0 828 
N«N-OIBUTYLANILINE 205.34 0.9037 20.0 1.5186 30,2 760. 274,8 0.0 829 
1-BROMONAPHTHALENE 207.08 1.9834 29.0 1.6580 be2 9. 281.1 4.83 830 
1=BRUMONUNANE 207.16 1.0851 25.0 1.4520 0.0 5. 84.0 0.0 831 
2-BROMO-NONANE 207.16 1.0810 0.0 1.4519 0.0 767, 208,5 0.0 832 
1«10-DICHLORODECANE 211.18 949936 0.0 1,4600 0.0 0. 148.0 0.0 833 
BENZYL BENZOATE 212.25 1.1121 25.0 1.5681 19 4 0. 323.9 4.90 834 
М-РЕЧчТАОЕСАМЕ 212.81 (0,7689 0.0 1.4315 10.0 0. 270.5 0.0 835 
S3-BRPROPYL PHENYL ETHER 215.10 1.3650 16.0 0.0 11.0 18. 127,0 0.0 836 
2-NITRO-UIPHENYL ETHER 215.21 1.2539 22.0 1.5750 -20.0 я. 184.0 0.0 837? 
1 »2-0 | ВКОНОВИТАМЕ 215.94 1.7950 0.0 1.5500 0.0 0. 166.3 0.0 838 
1,440 | ВКОМОВИТАМЕ 215.94 1.8080 0.0 1.5175 -26.0 0. 197,5 9.0 839 
23; 3-0IBROMQBUTANE 215.94 1,7830 0.0 1,5133 “70,3 0. 161,0 0.0 840 
152-DIGR-2-ME PROPANE 215,94 1.7590 20,0 1.5090 10.5 760. 150.0 0.0 84) 
METHYLENE IODIDE 217.87 3.3254 0.0 1.7559 6.0 0, 181.0 0,0 842 
2» 3-0IGR-1-PROPANOL 217.90 2.0739 20.0 1.5466 0.0 17. 118.6 9.90 843 
O- IODOTOLUENE 218.65 1.7130 0.0 1.6090 0.0 0. 211.5 0.0 844 
GLYCEROL TRIACETATE 218.21 1,1562 20,0 1.5964 3.2 0. 259.0 0.0 845 
PENTAETHYL BENZENE 218.37 0.8985 19.0 1.5127 -20.0 0. 277.0 6.0 846 
1SQBUTYL TRICL ACETATE 219.50 1.2550 25.0 1.4456 0.0 0. 188.п 0.0 84? 
TETRAETGLYCOL DIME ETHER 2224629 1.0132 20.0 1.4336 “2144 760. 275,8 0.0 848 
| -НЕХАОЕСЕМЕ 224.42 („7825 0.0 1.4441 4+0 9. 155.0 0.0 849 
2=CLETHYL TRICL ACETATE 225.89 1.5357 20,0 1.4813 0-0 766. 217.0 0.0 850 


Note: Missing data is indicated by 0, 0., ог 0.0. 
(continued) 
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Mol. , Refract. Melting Boiling Dielec. List 

Name Wt. Density Temp. Index Point Pressure Point Constant No. 
TRICMLORVACETYL BROMIDE 226.29 0.1900 15.0 9.0 040 760. 143.0 0.0 851 
TRI-N-PENTYLAMINE 227.44 0.7907 20.0 1,4367 -70.0 0. 242.5 0.0 852 
OIBUTYL MALEATE 228.29 9.9950 70.0 1.4454 -80.0 0. 280.0 0.0 853 
1,5-01ВНОМОРЕМТАМЕ 209.96 1.7060 18.0 1.5091 -29.5 0. 222.2 0.0 854 
TRIBUTYL ORATE 230.16 60.8580 20.0 1.4092 -70.0 0. 233.5 0.0 855 
OLISUPROPYL ADIPATE 7230.31 0.9659 20.0 1.4247 -1.1 6. 120.0 9.0 856 
DIPROPYL ADIPATE 230.31 0.9790 20.0 1.4314 -15.7 11. 151.0 0.0 857 

|. DIPHENYL SELENIOE 233.17 1.3510 20.0 1.6500 2.5 760. 301.5 0.0 858 
. TETRAETAYL TIN 234.94 1.1870 23.0 1.4724 -112.0 0. 18166 9.0 859 
O-DIBROMUDENZENE |1 235.92 1.9557 0.0 1.6081 9.7 0. 221.0 0.0 860 
MoD TSROMUGENZENE 235.92 1.9523 0.0 1.6083 -7.0 0. 220.0 0.0 861 
1-1000 ОСТАМЕ 240014 1.3297. 0.0 1.4890 -45.7 0. 255,5 0.0 862 
1» 2-01 BROMOHE XANE 243.99 1.5872 15.0 1.5012 9.0 16. 287.0 0.0 863 
OIETHYL AZELATE 244,33 0.9729 20.0 1.9351 -18.5 9. 291.5 0.0 86% 
TRICHLORUIODOMETHANE 285.30 2.3650 0.0 1.5854 -19.0 0. 147.0 0.0 865 
4=-BR-DIPMENYL ETHER 249.11 1.4225 19.0 ^ 1.6088 18.0 0. 395.0 0.0 866 
BENZAL BRUMIDE 249.95 1.5100 0.0 1.6147 0.0 0. 140,0 0.0 867 
TRIBXOMOACET AL DENYDE 290.76 2.5650 25.0 1.5939 0-0 760. 174.0 0.0 868 
BROMOFORM 252.76 2.8889 20.0 1.5976 8.1 0. 149.6 4,39 369 
1-1000 NAPHTHALENE | | | 254,07 1.7399 20.0 1.7025 4.2 0. 302.0 0.0 870 
ОТВОГУЕ АОТРАТЕ 258.35 0.9652 0.0 1.4369 “37,0 14. 183.¢ 0.0 871 
OIBUTYL AUIPATE 258.36 0.9652 20.0 1.4369 -37.0 8. 145.0 0.0 872 
DIETHYL SEBACATE 258.36 0.9646 20.0 1.4359 5.0 773. 306.0 0.0 873 
ОТ 1508111 ADIPATE 258.36 0.9530 20.0 1.9315 -17.0 760. 282. 5.19 874 
leDIBRTETF ETHANE 1259.83 2.1630 25.0 1.3670 -110.5 0. 47.3 2.3% 875 
HEXACHLOROACETONE  — 264.77 167440 12.0 0.0 -30.0 0. 203,0 0.9 876 
TRIBNOMOt FHYLENE 269.78 2.7080 20.5 1.6345 0.0 0. 163.5 0.0 877 
1. 1.2» З»эчэ4-НЕХАССВУТАМЕ 264.82 1.6460 20.0 1.5254 0.0 10. 111.0 0.0 878 
T4I-N-BUTYL PHOSPHATE 266.32 0.9750 25.0 1.4226 -79.0 0. 289.0 7.96 879 
ly 1s2+TRidROMOE THANE 266.79 2.5789 0.0 1.5933  -35.5 0. 188.5 0.0 880 
TETRaMETHYL LEAD | 267.33 1.9950 20.0 1.5120 -27.5 0. 110.0 0.0 881 
OL LODOME THANE 267.83 3.3078 25.0 1.7380 6.1 0. 192.0 5.32 882 
OIBUTYL PHTHALATE 278.35 1.0455 20.0 1.4926 -35.0 0. 340.0 6.44 883 
lele2-TRibROMO PROPANE 280.80 2.3548 20.0 1.5790 0.0 760. 260.5 0.9 844 
le292=TRiIGROMO PROPANE 250.80 2.2985 20.0 1.5670 0.0 760. 190.5 9.0 845 
le2s3-TRIBROMO PROPANE (280.80 2.5209 20.0 1.5862 16,9 769. 222,2 0.0 886 
1» 1-01 IOUOETHANE 281.86 2.8400 0.0 1.6730 2.8 0. 179.5 0.0 887 
OLEIC АС! 282.47 0.4870. 25.0 1.4582 13.4 0. 360.0 г2.4в BHA 

1 -BROMO-2-IODOBENZENE 282.92 2.2571 25.0 1,6618 8.0 0. 257.0 0.0 849 
1-8ROMO-3-210D0O0BENZENE | 282.92 2.с220 25.0 1.6608 -9.0 794. 252.0 0.0 890 

1 -CHLOROUCTADECANE 288.95 0.8586 25.0 1.4525 19.0 г. 158.0 9.0 891 

1 -BROMOPENTAOECANE 291.32 0.9999 25,0 1.4592 18.6 80. 172.0 9.0 892 
123-TRI8H-2-ME PHOPANE 294.65 2.1750 0.0 1.5652 0.0 0. 223.5 0.0 893 

) 2, 4-Тн | ЧВОмО ВИТАМЕ 294.83 2.1700 20.0 1.5608 -18.0 760. 2195.0 0.0 894 
г2,2,3-ТН1 ЗНОмО ВОТАМЕ | | 294,83 2.1724 20.0 1.5602 -1.9 760. 206.0 0.0 895 
1.2, 3- ТЕ | ВНОМОВИТАМЕ 294.84 2.1938 0.0 1.5680 -1 9.0 21. 113,5 0.0 896 
METHYL OLEATE 296.50 0.8702 25.0 1.4502 19.9 0. 217.0 3.21 897 
TRI-CL-ACETIC ANHYORIDE 308.76 1.6908 20.0 0.0 0.0 760. 169.0 0.0 вза 
OI-N-BUTYL SEBACATE 314.47 009366 20.0 1.4397 1.0 0. 345.0 4.54 899 

, DIBUTYL sEBACATE 1 319.87 %.9328 25.0 1,4415 -11.0. 0. 345.0 %.5% 900 
TETRAETHYL LEAD (323.05 1.6590 11.0 1.5915 -136.8 19. 91.0 0.0 901 
N-BUTYL VLEATE 338.56 0.8657 25.0 1.44680 -19.0 0. 227,5 4.00 902 
BUTYL STEARATE 340.60 6.3540 25.0 1.4422 26.3 0. 222.5 3.11 903 
1122-TET BROMOETHANE 345.67 2.9529 25,0 1.6323 0.0 0. 243.5 7,00 904 
Llylyls2-TETRABROMOETHANE 345-79 228748 0,0 1.6277 0.40. 0. 103.5 0.0 905 

F 815 (2-ЕТпоху ЕТ) УЕЗАСАТЕ 346.46 (.9953 25.0 1.4440 -10.0 0. 0.0 0.0 906 
| TRI (2=TOLYL) PHOSPHATE 368.36 121830 25.0 1.5575 11.0 20. 264.0 0.0 907 
2 01(2-ЕТ НЕХ) АОТРАТЕ 2370.58: 0.9220. 25.0 1.4474. -в7.8 5. 214.0 0.0 908 
8IS(2-ETnt X) PHTHALATE 390.57 0.9843 20.0 1.4859  -50.0 0. 231.0 5.30 909 

; DIETRHYLHEAYL AZELATE 812.66. 0.9150 25.0 1.4460. -78.0 5. 237.0 0.0 919 
, BIS(2-ETHYLHEA)SEBACATE 926.66 0.9120, 25.0 1.4510  -48.0 5. 256,0 4,03 911 


Note: Missing dota is indicated by 0, 0., or 0.0. 


Appendix—Comparative Data for Various Solvents 949 


Comparison of Solvent Properties (77) 





Poorly Hydrogen-Bonded 











carbon 
tetra- chioro- perchloro- | Ргеоп” Ргеоп? trichloro- methyl methylene 
benzene chloride n-hexane form ethylene TF MF ethylene formate chloride 
Boiling Point, °C 80 77 68 61 12) 48 24 87 31.8 39 
ер 176 171 154 142 250 117.6 74.8 189 89.2 102 
Freezing Point, °C 5.4 -23 -96 -64 -24 -35 -111 -73 -100 -96 
°F 41 -9 -141 -83 ~1} -31 -168 -99 -148 -142 
Density, g/mL (mg/m) 0.88 1.59 0.66 1.49 1.62 1.58 1.49 1.46 0.97 1.33 
Ib/gal 7.34 13.26 5.51 12.43 13.55 13.16 12.42 12.22 8.13 11.07 
Vapor Density (air = 1) 2.8 5.3 2.97 4.1 5.8 -- — 4.54 2.1 2.93 
Rate of Evaporation 
(Butyl acetate - !) 6.30 12.80 10.00 11.60 2.80 9.87 13.07 6.20 -36 27.50 
н рн р B €i MI nisin iia eae, 
Viscosity, 20°C (68°F), 
cP (mPa-s) 0.65 0.99 0.29 0.57 0.88 0.70 0.41 (30°C) 0.58 0.35 0.44 


ае стенам анана), 





Surface Tension in Arr, 
20°C (68°F), dyn/cm (mN/m) 28.9 26.8 18.4 27.2 32.3 19.0 18.7 32.0 (25°С) 25.0 28.2 
—-———+—————— —————- -——үг— Фа он еу блата ут ана очај аут ко ана 
Specific Heat, Liquid, 20°C (68°F), 














cal/g-C (Btu/Ib-F) 0.42 0.21 0.54 0.23 0.21 0.22 0.21 0.23 0.516 0.28 
kJ/kg-K 1.75 0.88 2.26 0.96 0.87 0.93 0.87 0.96 2.16 1.17 
а о = = = ree, диета: дн ен re ie E T AEE N LAA E ALS N A O E ША ap a ad mas теке —€—] 

Heat of Vaporization (bp) 

cal/g 94 45 80 59 50 35.09 43.52 57 112.4 78 

Btu/lb 170 84 145 106 90 63.12 78.31 103 202.3 141 

kJ/kg 395 195 337 247 209 146.8 182.1 240 470.0 327 
Solubility Parameter, ô 9.2 8.6 7.3 93 93 7.2 7.8 93 97 97 

A то пара ri e аа ae Y th i tr rar ili m ii AR SEE р варт gee rm ты. поч пазило аа А “анар ы 
Hydrogen Bonding Index, y 2.2 2.2 2.2 2.2 2.2 2.5 2.5 2.5 2.7 2.7 
Flash Point, TCC, °C -И МЕ -22 МҒ МЕ МЕ МЕ МЕ -19 МЕ 
ор 12 -7 -2 


Flammable Limits, vol% 








Lower 1.4 NF 1.2 NF NF NF NF NF 5 NF 
Upper 8 6.9 23 
Threshold Limit Value,* ppm | 10 5 50 10 25 1000 1000 50 100 50 
skin ceil. 
Formula = а E e = 
О о „+ I ч о T + d су g 
б = © “т n 2 e d 
I 2 о e E 
ps «т ы” 
aT 


(continued) 


950 Industrial Solvents Handbook 





Moderately Hydrogen-Bonded 




















mixed dimethy! ethyl 
toluene хујепаз sulfoxide MEK MIBK acetate 
Boiling Point, °C ІН 135 189 79 117 77 
°F 231 275 372 175 243 171 
Freezing Point, °C ~95 — 18 -87 -85 -84 
ЗЕ -139 -- 65 -124 -121 -119 
Density, g/mL (mg/m?) 0.87 0.87 1.10 0.80 0.80 0.90 
Ib/ga! 7.25 7.24 9.18 6.71 6.68 7.51 
Vapor Density (air = 1) . 31 1.1 — 2.5 3.5 3.04 
Rate of Evaporation 
(Buty! acetate = 1) 2.4 0.7 9.2 5.72 1.65 6.15 
Viscosity, 20°C {68°F}, 
СР | мРа-5) 0.59 0.69 1.98 (25?С) 0.42 0.59 0.44 
Surface Tension in Air, 
20°C (68°F), dyn/cm (mN/m) 28.4 28.9 43.5 24.6 22.7 23.9 
Specific Heat, Liquid, 20°C (68°F}, 
са/д С (Btu/ib-F) 0.39 0.40 0.47 (29°C) 0.55 0.50 0.46 
kJ/kg-K 1.63 1.67 1.97 2.30 2.09 1.92 
Heat of Vaporization (bp) 
cal/g 87 82 144 106 87 88 
Btu/Ib 156 147 260 19] 157 158 
kJ/kg 362 342 604 444 365 367 
Solubility Parameter, 6 8.9 8.8 13.0 9.3 8.4 9.1 
Hydrogen Bonding Index, y 3.8 3.8 5.0 5.0 5.0 5.2 
Flash Point, TCC, °C 4 27 95 (TOC) -7 23 -4 
ор 40 80 203 20 73 24 
Flammable Limits, vol% 
Lower 1.2 1.1 2.6 1.8 1.4 2.2 
Upper 7.1 70 28.5 10 75 11 
Threshold Limit Value," ppm 50 100 — 200 50 400 
skin 
Formula | zs 
о Q т T T ЕЗ 
катет" гез" 
M гл 


НА 
но 7 


Е 


Е 











n-butyl | 1,4- 
acetate acetone dioxane 
125 56 101 
257 133 214 
-76 -94 10 
-105 -137 50 

0.88 0.79 1.04 
7.34 6.58 8.60 
4.0 2.0 3.0 
1.00 11.60 ЗН 
0.74 0.35 1.31 
27.6(279С) 23.7 33.4 
0.51 0.51 0.41 
2.13 2.13 1.72 
74 124 98 
133 224 17 
309 521 412 
8.5 10 9.9 
5.4 5.7 5.7 
2 -18 12 
81 0 54 
14 3 2 
7.6 13 22.2 
150 750 (500 25 
proposed) skin 
9-—o осо а 
© JT оз 
т 
"о 
Ж 
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Strongly Hydrogen-Bonded 









































cyclo- ethyl ethanol isopropyl n-butyl 
hexanone DMF DMAC EGME ether methanol 95% alcohol alcohol formamide 
Boiling Point, °C 157 153 166.1 124 34 65 75.0 82 118 210 
°F 315 307 331 255 94 148 167 180 244 410 
Freezing Point, °C -31.2 -61 -20 -85 -123 -98 -128.0 -89 -89.8 3 
°F -24 -78 -4 -121 -189 - 144 -198.4 -128 -130 36 
Density, g/mi {mg/m*) 0.94 0.90 0.945 0.96 0.71 0.79 0.812 0.78 0.81 1.13 
ib/gal 7.88 7.50 7.88 8.04 5.92 6.63 6.74 6.55 6.76 9.46 
Vapor Density (air < 1) 34 2.51 3.0 2.62 2.55 1.11 1.59 2.07 2.55 — 
Rate of Evaporation 
{Butyl acetate = 1} 0.23 0.17 «1 0.47 33.00 6.10 1.7 2.30 0.45 <1 
Viscosity, 20°C (68°F), 
cP (mPa:s) 2.2 0.80 0.92 (25°С) 1.72 0.23 0.59 1.2 2.4 2.7 3.76 
at E s а ra a i PR REB e m ma S i m i e туе o а io e HH TETUR rr iai PEPPER E y E MEE rd ME A Aa m 
Surface Tension in Air, 
20°C (68°F), dyn/cm (mN/m) 34.5 35.2 (25°С} 32.4{30°С) 35.0 (25°С) 170 22.6 22.8 217 24.6 58.4 
Specific Heat, Liquid, 20°C (68°F), 
cal/g-C (Btu/Ib-F) 0.49 0.49 0.48 0.53 0.55 0.60 0.62 0.60 0.56 0.551 
kJ/kg-K 2.05 2.05 2.01 2.22 2.30 251 2.59 2.51 2.34 2.31 
Heat of Vaporization (bp) 
cal/g 109 138 19 135 84 263 — 160 141 400 
Btu/lb 197 (29°C) 248 214 243 151 473 --- 287 254 720 
kJ/kg 458 576 498 565 351 1100 — 668 591 1674 
Solubility Parameter, $ 9.9 12.1 10.8 10.8 74 14.5 13.6 11.5 11.4 19.2 
Hydrogen Bonding Index, y 6.4 6.4 6.6 6.9 6.9 8.9 8.9 8.9 8.9 >16.2 
Flash Point, TCC, °C 44: 58 63 46 -45 11 14 12 29 155 (ТОС) 
°F 111 136 145 115 -49 52 57 53 84 310 
Flammable Limits, vol% 
Lower 1.1 22(100“С) 1.8 (100°С) 2.5 1.9 6.7 3.3 2.3 1.4 1.5 
Upper 8.1 15.2 8.6 (20°C) м 48 36 19.0 12.7 11 12 
50 ceil. 
Threshold Limit Value," ppm 25 10 10 5 400 200 1000 400 skin (25 ceil. 10 
skin skin skin skin skin proposed) skin 





Formula -- + о о о о о о о о о о I 
со т I = т т “т = “г Xo XE T oo 

Loy су and ~ c c cn fad се [4] со -- > 
|| N < g о > © No’ с ж 

== Су... 44 т о on 

о exo Q =o >. vi г © 

т о = 

= = 
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Fats and Oils Composition (26) 


A Sl! ај m пу, м сено vee ОР РЕ ЕР ятата тнт 
- ——— ——— - со мњење 


FATS AND TE INTERN RUM. 


VEGETABLE BASED 


сосо | COTTON 
FATTY ACID COMPONENT | CASTOR BUTTER COCONUT CORN SEED CRAMBE LINSEED 







































Са BUTANOIC (Butyric) 

св HEXANOIC (Caproic) 

ca OCTANOIC (Caprylic) 

C10 DECANOIC (Capric) nM 
СІ0:1  DECENOIC ЕЕ | 

TOTAL C10 

C12 LAURIC (Dodecanoic) 

CI2:1 cis-9-DODECENOIC шаманы 
TOTAL C12 

C14 MYRISTIC (Tetradecanoic) 

С 14:1 cis-9-TETRADECENOIC Ш 

TOTAL C14 

C15 PENTADECANOIC 

TOTAL C15 

C16 PALMITIC (Hexadecanoic) і 
С16:1 cis-9-HEXADECENOIC 

TOTAL C16 

C17 HEPTADECANOIC 

C17:1 HEPTADECENOIC mu | 
TOTAL C17 

C18 STEARIC (Octadecanoic) 

сів < _OLEIC > (сіз- 9-Octadecenoic} I _ 

C18:2 LINOLEIC (cis-9. cis-12- Octadecadienoic] 

С18:3 С _ LINOLENIC {cis-9. cis- 12. cis-15-Octadecatrienoic) | 
С18:4 | cis-6. cis 6. cis- -9. cis- 12. cis- 15- -ОСТАРЕС. АТЕТВАЕХОЇС i 





C18:! (OH) RICINOLEIC (12-Hydroxy-cis-9-Octadecenoicl. 


C18 (OH); DIHYDROXYSTEARIC 











TOTAL CI8 

C19 NONADECANOIC 

TOTAL C19 

C20 EICOSANOIC (Arachidic) Е 

со 2 сіз-9 ог сіз-11- EICOSENOIC | и А 

C20:2 ^  EICOSADIENOIC | тата 

C203 EICOSATRIENOIC кен 

С20:4 ARACHIDONIC (cis-5, cis-8. cis- 11. cis- 14-Eicosatetraenoic) UE 









EICOSAPENTAENOIC 





C20:5 











TOTAL C20 
DOCOSANDOIC (Behenic| 
C22:1 cis- 13-DOCOSENOIC ЦЕгисіс) 
C22:2 DOCOSADIENOIC 
C22:5 4, 8. 12. 15, 19-DOCOSAPENTAENOIC 
C22:6 DOCOSAHEXAENOIC 
TOTAL C22 
TETRACOSANOIC (Lignoceric) 
TETRACOSENOIC д 
TOTAL C24 
Others 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 : 100.0 


Note: Typical ?6 composition determined by chromatography. Some values obtained from literature. 


Chemical Values 











оше ИЕ асн в сааи 94-126| в1. eloi peio -Tiz нов 98-118 P ог 155-205 
SAP VALUE OF OIL [86-198] 176-187 1177-1871 250-264! 187-193 1189. 198) 169 , 188-196 
њи С ee en ee ee ee 0.2 | 2910-10] ___ р 23-26 ;-12 [0:10] 2102 | 220 
TITER, (OF SPLIT ACIDS) C 0-2 3 00 45 ! 20-24 9 14-20 ! 30-37 : | 19-21 
атентат и от пон стена, n————————————,———————'——-—————————— —— цы А L UL EE Да : И анал а а ҒЫЛ аа ad 
Note: Some values obtained from literature. 


(continued) 
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FATS AND OILS COMPOSITION 
VEGETABLE BASED 


а | 
| P РАМ КЕРМЕ | , , PAMOL — 
FATTY ACID COMPONENT | OLEIN — STEARINE OLEIN STEARINE 





Са BUTANOIC (Butyric) 
св HEXANOIC (Caproic) 
cs OCTANOIC (Caprylic) 
C10 DECANOIC (Capric) 
C10:1 DECENOIC = 
TOTAL C10 | 
С12 LAURIC (Dodecanoic) 50.9 
C12:1 cis-9-DODECENOIC 
TOTAL C12 50.9 
C14 MYRISTIC (Tetradecanoic) 18.4 
С 14:1 cis-9-TETRADECENOIC E | 

TOTAL C14 18.4 12.4 19.9 
C15 PENTADECANOIC 

TOTAL C15 

C16 PALMITIC (Hexadecanoic) 9.0 8.7 8.4 
C16:1 cis-9-HEXADECENOIC 0.6 

TOTAL C18 9.6 8.7 
C17 HEPTADECANOIC 

С17:1 HEPTADECENOIC 

TOTAL C17 

С18 STEARIC (Octadecanoic} 2.7 
С18:1 OLEIC (cis-9-Octadecenoic) 80.3 
С18:2 LINOLEIC (cis-9. cis- 12-Octadecadienoic) ШЕ Е 2 | 6.3 





| 
| 

" 

© 








1 
4 
| 


о 





3.7 


42.6 02. 0.7 


0.2 0.7 
JL 0. 


42.6 
12.4 


о 
w 


1.5 


= 
. 
ші 
к 
. 
о 


32.9 39.8 55.7 
0.2 


0.2 
40.0 55.7 


С18:3 LINOLENIC (cis-9. cis-12. cis-15-Octadecatrienoic) = 0.7 


С18:4 сіз-6. сіз-9. сіз-12. сіѕ-15-ОСТАСЕСАТЕТКАЕМОІС | 








C18:1 (OH) RICINOLEIC (12-Hydroxy-cis-9-Octadecenoic) 00 


C18 (OH)  DIHYDROXYSTEARIC 

TOTAL C18 90.0 17.7 
C19 NONADECANOIC 

TOTAL C19 

C20 EICOSANOIC (Arachidic) 0.4 


C20:1 cis-9 or cis- 1]-EICOSENOIC 


C20:2 EICOSADIENOIC 


C20 3 EICOSATRIENOIC 


C20:4 ARACHIDONIC (cis-5. cis-8, cis-11. cis-14-Eicosatetraenoic) | 

С20:5 ЕІСОЅАРЕМТАЕМОІС ©. | 

TOTAL C20 | 0.4 
C22 DOCOSANOIC (Behenic) 

С22:1 cis- 13-DOCOSENOIC (Erucic) 


C22:2 DOCOSADIENOIC 


C22:5 4. 8. 12. 15. 19-DOCOSAPENTAENOIC | 
C22:6 DOCOSAHEXAENOIC s 
TOTAL C22 

C24 . TETRACOSANOIC (Lignoceric} 

С24:1  TETRACOSENOIC Қ 
TOTAL C24 

Others 


TOTAL | | | 100.0 100.0 100.0 1000 1000 1000 1000 














| 
I 
i 
| 
! 
i 


Note: Typical % composition determined by chromatography. Some values 


Chemical Values 






























IODINE VALUE 80-88 | 14-19 | 25-31 50-55 | 56 Min | 48 Max 
SAP VALUE OF OU. 224 „188-196 | 245-255 | | ДИНО аба а 
МЕСПКО РОМ, С _ sh та Р а eis 12750 ___ 18, | 
TITER, (OF SPLIT ACIDS J"C ПП. 17-26 | 20-28 |  Á— 40.47 20-26 
Note: Some values obtained from literature. 

- — тииди ——— P———————————————————À Заеви НАСА oon Ron деца инт! антена, 
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FATS AND OILS COMPOSITION 
VEGETABLE BASED | 


FATTY ACID COMPONENT PEANUT | RAPESEED | SAFFLOWER | SOYBEAN КЕРІ 
са ||| ВОТАМОХО (вшуле а 


се HEXANOIC (Caproic) 
cs ОСТАМОТС (Саргу с) 
C10 DECANOIC (Саргіс) _ 






















































-o 6 1 ee тил р 





























C10:1 DECENOIC | 

TOTAL C10 | 

C12 LAURIC (Dodecanoic) И БЕК 

C12:1 cis-9-DODECENOIC рени тре m 
TOTAL C12 

Cla MYRISTIC (Tetradecanoic) —  ćž <ć< —<—< 0.1 0.1 | 

С 14:1 сіз-9-ТЕТВАРЕСЕМОЇС о: T 
TOTAL C14 0.1 0.1 

C15 PENTADECANOIC | 

TOTAL C15 | 

C16 PALMITIC (Hexadecanoic) — < 11.1 40 | 65 
C16:1 cis-2-HEXADECENOIC 0.2 o1] 
TOTAL C16 11.3 4.1 | 6.5 
C17 НЕРТАРЕСАМОІС  — —ć—ć o — 0.1 EINEN 
C17:1 HEPTADECENOIC 0.1 NE 
TOTAL C17 0.2 

C18 STEARIC (Осгадесапоіс) а ні 2.4 I ds 225 
С18:1 OLEIC (cis-9- Octadecenoic) | и 46.7 17.6 | 125 
C18:2 LINOLEIC (cis- 9. cis- 12- Octadecadienoic) E | 32.0 12.7. | 775 
С18:3 LINOLENIC (cis- 9. cis- 12. сїз- 15. Octadecatrienoic) | itty 53 | 

С18:4 с15-6. с15-9. с!5-| 12. cis- 15-OCTADEC, ATETRAENOIC _ 127 | 

C18: 1 (ОН) RICINOLEIC (12- -Hy droxy- cis- 9. Octadecenoic) | нет ДЕ. | | 

С18 (ОН); DIHYDROXYSTEARIC | 

TOTAL C18 81.1 36.9 | 92.5 
с19 NONADECANOIC | 

TOTAL C19 | 

С20 | EICOSANOIC (Arachidic] 22 222 t 1.3 и ^0. 9 | 0.5 
С20:1  cis-9 or cis- 11-EICOSENOIC vou epp гу rb 106 | 905 
С20:2 EICOSADIENOIC | канта са е ти. зат Ца. | 

с20 3 EICOSATRIENOIC - ма | 

С20:4 ARACHIDONIC (cis-5. cis-8. cis-11. cis-14-Eicosatetraenoic) | | 

С20:5 EICOSAPENTAENOIC Dues | 

TOTAL C20 2.9 11.5 1.0 
C22 DOCOSANOIC (Behenicl MEME -— | 2.9 0.7 

C22:1  cis-13-DOCOSENOIC (Erucic) 458 

С22:2 | | РОСОЗАРІЕМОЇС АБЕ АЕ | 
C22:5 | 4.8, 12, 15. 19-ООСОЗАРЕМТАЕКОС 000000 | 

С22:6 DOCOSAHEXAENOIC Пера a eee I RE си | 

TOTAL C22 2.9 48.8 | 
C24 | TETRACOSANOIC (Lignoveric)— | 15 921 

C24:1 TETRACOSENOIC 0.6 | 

TOTAL C24 1.5 0.8 

Others | е EN 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 


Note: Typical 96 composition determined by chromatography. Some values 





Chemical Values 
IODINE VALUE 


“SAP VALUE OF OIL 
MELTING POINT. 'C 






























100-110 7 140 150 : 120-141 | 125-136 | 122.142 
183—188; 188 194 : 189-195 | 188-194 197-200 
То 100 1810 #56; 2310 20) 1810 -16 | | 

оны ш Дын уе ЫСАРГА -}- 


26-32 | 23 26 36 IH ЕРТ 21 16. гаи 


а со ul —————— € -- іль -rw змен + an 5 - -— те -- -— —— ee —ÀMÀ < 


Мое: 







































Some values obtained Irom lite rature. 


АККА оаа ti cli ба E p i ЧЕЧНІ проь до t - 
-——— ——" & ядат таи њиме а. ee oe 
æ = n——————————— — . ir 


(continued) 


FATTY ACID COMPONENT 

са BUTANOIC (Butyric) 

св HEXANOIC (Caproic) 

св OCTANOIC (Caprylic) 

C10 DECANOIC (Capric) | 

C10:1 DECENOIC 5 

TOTAL C10 

C12 LAURIC (Dodecanoic) mE 

C12:1 cis-9-DODECENOIC | 

TOTAL C12 

C14 MYRISTIC (Tetradecanoic) 

C 14:1 с18-9-ТЕТЕАРЕСЕМОЈС Н 

TOTAL C14 

C15 PENTADECANOIC 

TOTAL C15 

C16 PALMITIC (Hexadecanoic) 

C16:1 cis-9-HEXADECENOIC 

TOTAL C16 

C17 HEPTADECANOIC 

C17:1 HEPTADECENOIC 

TOTAL C17 

C18 STEARIC (Octadecanoic) _ | аа, 

С18:1 OLEIC (cis-9-Octadecenoic) г. о 

С18:2 LINOLEIC (с15-9. cis-12- Octadecadienoic) 

C18:3 LINOLENIC (cis-9. cis- 12. cis- 15-Octadecatrienoic) 

C18:4 cis-6. cis-9. cis-12. cis-15-OCTADECATETRAENOIC 

С18:1 (ОН) RICINOLEIC (12-Hydroxy-cis-9-Octadecenoic) _ Ж 
СІ8 (ОН)  DIHYDROXYSTEARIC - 

TOTAL C18 

C19 NONADECANOIC 

TOTAL C19 

C20 EICOSANOIC (Arachidic) 

С20:1 cis-9orcis-lI-EICOSENOIC ъ 
C20:2  — EICOSADIENOIC e аа 
C203 EICOSATRIENOIC 00 _ Н 
C20:4 ARACHIDONIC (cis- 5. cis-8, cis- | 11. cis- 213: -Eicosatetraenoic) 
C20:5 ЕІСОЅАРЕМТАЕМОІС = 

TOTAL C20 

C22 DOCOSANOIC (Behenic) 

C22:1 cis- 13-DOCOSENOIC (Erucic) - црна 
C22:2 DOCOSADIENOIC | 00 ЕН | 
C22:5 4,8, 12, 15, 19-DOCOSAPENTAENOIC 0-5 
С22:6 DOCOSAHEXAENOIC у | 
TOTAL C22 

C24 TETRACOSANOIC (Lignoceric) 

СА ee epee oos sss sa 
TOTAL C24 

Others 

TOTAL 


Note: Typical % composition determined by chromatography. Some values 
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ANIMAL BASED 


YELLOW 
TALLOW GREASE 























Chemical Values 
IODINE VALUE 
SAP VALUE OF OIL 


MELTING POINT 


TIT ER, (ОҒ 5 


ND S Lu 
SPLIT ACIDS) С 


Note: Some values obtained from Шега ге. 





100.0 100.0 100.0 100.0 





40:47 | 39-4 


32-43 i 
жауды аа аа" 1 Защо Дада 


(continued) 











































Note: Typical % composition determined by chromatography. Some values 


Chemical Values 
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MARINE BASED 
FATTY ACID COMPONENT HERRING рин | завои 
са BUTANOIC (Butyric) b oh | 
C6 HEXANOIC (Caproic) |] | св 
св OCTANOIC (Caprylic) ЕЕ 
C10 DECANOIC (Capric) 00 
C10:1 DECENOIC 
TOTAL C10 TOTAL C10 
C12 LAURIC (Dodecanoic) % С12 
С12:1 cis-9-DODECENOIC- C12:1 
TOTAL C12 TOTAL C12 
C14 MYRISTIC (Tetradecanoic) " 7.6 7.3 C14 
C 14:1 cis-9-TETRADECENOIC = Сай | 
TOTAL C14 7.8 TOTAL C14 
C15 PENTADECANOIC 0.4 C15 
TOTAL C15 0.4 TOTAL C15 
C16 PALMITIC (Hexadecanoic) 18.3 C16 
C16:1 cis-9- HEXADECENOIC 8.3 C16:1 
TOTAL C16 26.6 TOTAL C16 
C17 HEPTADECANOIC 0.5 C17 
C17:1 HEPTADECENOIC - 7 C17:1 
TOTAL C17 0.5 TOTAL C17 
C18 STEARIC (Octadecanoic) 2.2 ci8 
C18:1 OLEIC (cis-9-Octadecenoic) _ 16.9 
C18:2 LINOLEIC (cis-9. cis-12-Octadecadienoic) 1.6 
C18:3 LINOLENIC (cis-9. cis-12. cis-15-Octadecatrienoic) 0.6 
C18:4 cis-6. cis-9. cis-12. cis- 15-OCTADECATETRAENOIC 
C18:1 (OH) RICINOLEIC (12-Hydroxy-cis-9-Octadecenoic) E. С18:1 (OH) 
C18 (OH), DIHYDROXYSTEARIC = А ‘C18 (OH), 
TOTAL C18 21.3 TOTAL C18 
C19 NONADECANOIC C19 
TOTAL C19 TOTAL C19 
C20 EICOSANOIC (Arachidic] S 
С20:1 | |  cis-9orcis-1I-EICOSENOIC 00 2 94 | | || [c ; 
С20:2  ЕІСОЗАРІЕМОЇС СОМЕ Е ОС20:2 | 
C20 3 |. EICOSATRIENOIC nol EP a C203 2 
C20:4 ARACHIDONIC (cis-5. cis-8. cis-11. cis-14-Eicosatetraenoic) | 0.4 Р со 
С20:5 | | БІСОЗАРЕМТАЕМОЇС ПП m m 8.6 C20:5 — 
TOTAL C20 18.4 TOTAL C20 n 
c22 ^ , DOCOSANOIC [Behenic)  —— л ааг ака Кон С22 express or implied, 
C22: 1 cis-13-DOCOSENOIC (Erucic) | i 11.6 C22:1 including patent 
С22:2  DOCOSADIENOIC ШЕ | с22:2 warranties or 
С2225 4,8, 12. 15, 19: ООСОЗАРЕМТАЕМОЈС ШЕКЕ С22:5 warranties of 
C22:6 РОСОЅАНЕХАЕМОІС | |. | 7.6 С22:6 х 
TOTAL C22 20.5 TOTAL C22 made by Witco 
C24 TETRACOSANOIC (Lignoceric) C24 Corporation with 
C24:1 ТЕТКАСОЅЕМИС | 0.4 C24:1 respect to products 
para cas ра TOTAL С24 | њи зе 
Others | 43 ]| 43] XJ» Others forth jardin 
TOTAL 100.0 100.0 100.0 Nothing contained 


herein shall 
constitute a 
permission or 
recommendation to 


с: 


ІООІМЕ VALUE 
SAP VALUE OF OIL 
MELTING POINT, C€ č 

_ TITER, (OF SPLIT ACIDS ) С 


practice any 
Invention covered 
by à patent 
without a license 





from tlie owner of 


Note: Some values obtained ош literature. 
the patent. 


— 
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Color Conversion Chart (26) 








PHOTOMETRIC 
INDEX’ 
INDEX (A.0.C.S.) 
440/350 NM 
0/0 
4/0— 
A 
7/0— 
B 11/0.3-- 
14/0.5-- 
С 
22/1— 
р 
25/1.5— 
Е 28/2— 
32/3-- 
44/5-- 
а 
H 62/10-- 
75/15-- 
1 
88/20-- 
J 108/30-- 
K 150/50— 
200/100-- 
M 
-/200-- 
PHOTOMETRIC 
INDEX ТМОЕЖ: 


ЈАО С5) 
440/558 NM 


дан вето S Mt om eee 


CoLoR CONVERSION CHART 


LOVIBOND 
5 1/4“ 


СЕЦ 
НА 


—3/0.3 
—4/0.5 


—7/1 


—8/1.5 


—10/2 


—14/3 
--16/4 


--18/5 


--5/1 


-7/2 


---10/3 


--16/5 


--20/10 


---/20 


---/30 


НА Даје 
x 
CELL 
Ml 





TRANSMISSION 


КАШ 
2.5 СМ 
440/550 NM 
100/100 
90/100— 
85/100— 


72/99— 


65/98— 


59/97-- 


51/95-- 


39/90-- | 


28/85-- 


21/75— | 


12/60— 


8/50— 


2/30-- | 


1/15-- 


0/0 


TRANSMISSION 
% THRU 
2.5 СМ 

440/550 NM 





GARONER 
1963 
0 


50— 
100— 
—1 200— 
300----1 
—2 
400— 
450— 
—3 
500— 
4 1— 
=> —1'/, 
6 3— 
—2 
—7 
5-- 
--2/, 
--3/; 
--10 i 
11 -4 
15— 
—12 
-4/, 
--13 
19 eg 
—14 —6 
—15 31— —7 
б 35-- 


САВОКЕЯ 
1963 


1. Comparisons of color scales of different systems are very diMcult and inaccurate. 
Thus, this conversion chart should be used only for fatty acids and only to obtain approximate values. 


2. Absorbency readings were taken on Coleman GA Spectrophotometer using 25nun Cuvetle. 





— 








A Ето а одат Мт ТЕЛО НИК Ката ms ee - 


INDEX 


G 


H 


INDEX 


eee === Й 
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Viscosity Conversions (47) 











VISCOSITY CONVERSIONS 
(For Newtonian Fluids, @ 26°C, D = 1) 


Ford Cup Zahn 
Centipoises #4 #4 
1.0 


10.0 16 А-4 
150 | АЗ 
220 
32.0 
50.0 
65.0 
85.0 
100.0 
125.0 
140.0 
1650 
200.0 
225.0 
250.0 
275 0 
300.0 
320.0 
340.0 
370.0 
400.0 
435.0 
470.0 
500.0 
550.0 - 
630.0 
885.0 
1.070.0 
1,290.0 
1,760.0 
2 270.0 
2 700.0 
3,620.0 
4,630.0 
6.340.0 
9.850.0 
14,800.0 











Gardner 
Holdt 





Krebs — 
Stormer 


- то пп по оо > 


со 
о 
«соч г џ О ЧО <= тг xc 


= 





Density of Water at Various Temperatures (23) 


Density of Water at Various Temperatures 
Temperature, °C 


Appendix—Comparative Data for Various Solvents 


Density, g/ml 


0.99349 

0.998137 
0.999868 
0.999927 
0.999968 


. 0.999992 


1.000000 
0.999992 
0.999968 
0.999930 
0.999877 
0.999809 
0.999728 
0.999129 
0.998234 
0.997075 
0.995678 
0.994063 
0.992247 
0.988066 
0.983226 
0.977793 
0.971819 
0.965340 
0.961920 
0.958384 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
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